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Cyprane 


specialise in 


PRECISION ANAESTHETIC APPARATUS 


The present standard products are as follows: — 


@ CALIBRATED VAPORIZERS for volatile anaestheuc agents. 


FLUOTEC ... bei ... for “Fluothane” 
(standard range 0-:5%—4-0%). 
TRITEC ... for “Trilene” 
(standard range 0-5%—1-5%) 
CHLOROTEC .. for Chloroform 
(standard range 0-:5%-—5-0%). 
AZEOTEC . for the azeotropic mixture of “Fluothane” 
with ether, 


@ TECOTA MARK 6 INHALER for analgesia set to give 05% Trilene in air 
and approved for use by Midwives. 


@ THE CYPRANE INHALER .._ for “Trilene” analgesia in midwifery and minor 
surgery. 


@ A.E. GAS-OXYGEN Apparatus for the administration of nitrous oxide/oxygen 


(range O—100%) in Dental and General 
anaesthesia. 


Cyprane Limited 
HAWORTH, KEIGHLEY, YORKSHIRE 
(Telephone: Haworth 3286) 


“Trilene” and “Fluothane” are the registered trade marks of Imperial Chemical Industries Ltd., 
and “Vinesthene™ is that of May & Baker Ltd. 
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Medomin* 
Geigy 


Dose: 1 tablet 
taken | hour 
before retiring. 
Available in tablets 
of 200 mg 
Heptabarbitone 
(Cycloheptenylethy! 
barbituric acid) 
Containers of 10, 
100, 1000 


Sound sleep ...fresh awakening. 


Medomin presents the surety of hypnosis 
through the barbituric acid nucteus. One 
tablet taken |—1 hour before retiring will 
give hours natural sleep, Because 
of the rapid breakdown and elimination of 
this barbiturate there is a fresh awakening 
with no clouding of the mind. Medomin thus 
represents @ genuine advance in hypnotic 
therapy. ite action is positive and yet so 
smooth and free from side effects that 
it may safely be given to children. 


*209 patient-nights on Medomin and 79 
patient-nights on butobarbitone are re- 
ported on, Results tell strongly in favour of 
Medomin (91 per cent very good response 
as compared to 58 per cent with contro! 
sedative). Out of the 209 there were only 
two cases of hangover-like symptoms.’ 
Med, Press, 243, 131(1960). 


Geigy Pharmaceutical Company Ltd. 
Wythenshawe, Manchester 23 
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‘Fluothane’ 


for Obstetric 
Anaesthesia 


* Induction is rapid and smooth and is 
sufficient to allow application of forceps. 
* There is a striking absence of reflex 
movement with manipulation under very 
light anaesthesia. 


* Laryngospasm does not occur and there 
is no stimulation of salivary or bronchial 
secretions. 

* Little tendency to vomiting and retching. 
* Condition of the infant is satisfactory. 


* Post partum uterine atony and haemo- 
rrhage unlikely. 


* Recovery is rapid without complications. 


‘Fluothane’ has been widely used in 
obstetric anaesthesia, for caesarian sec- 
tion, forceps delivery and for normal con- 
finements. It presents useful advantages 
over other anaesthetic agents and has 
been described as the anaesthetic of choice 
for obstetrics.* 


*Canad. Anaes. Soc. J. (1960), 7, 109. 


Fluothane — an [.CI. discovery 


(Halothane Trade 


Literature and further information available on request. 
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British Oxygen equipment and 


for. ‘general application 
physiology has a dial which 
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| ment. Air resistance and inertiajare ex- von 

; tremely low, and the instrument can be — 

j§ plugged into any part of an anaesthetic 

circuit or used with a face mask for 

Oxygen | ‘ ay. Great West ond. 

... used every day to ease pain and save lives 
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Designed for 


routine monitoring 
of cardiac traces 


Can be safely used in the presence of 
explosive anaesthetic gases 


MEDICAL & INDUSTRIAL EQUIPMENT LTD. 


SPECIALISTS IN ANAESTHETIC APPARATUS AND SURGICAL INSTRUMENTS 
10 & 12 NEW CAVENDISH STREET, LONDON W.1 
Telephone : WELbeck 1851 and 1504 Telegrams : NARCOSIS, LONDON 


MANCHESTER: 152-154 Oxford Road e TORONTO, CANADA: 83-85 Grenville Street 
Phone : ARDwick 5906 Phone: WALNUT 3-3845 
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In the service of anaesthetists 


THE BRITISH OXYGEN COMPANY LTD 


(formerly A. Charles King Limited) 


HERE AT 27 DEVONSHIRE STREET, 
LONDON, is the recognised meeting place of 
anaesthetists from all over the world. The 
name A. Charles King carries world-wide 
authority in the field of anaesthetic appara- 
tus; it is backed by the full resources of the 
British Oxygen Company Ltd. Visitors who 
require technical information, advice or 
other services are welcome. 


OUR SERVICES INCLUDE 


* For modifications and inventions. We are 
prepared to make variations and modifica- 
tions of standard equipment to meet indi- 
vidual requirements. 


*% For the Diploma and Fellowship in anaes- 
thesia. Candidates are welcomed to the show- 
rooms during the weeks preceding the ex- 


COMPANY LIMITED 


1331S 


aminations when special demonstrations of 
apparatus take place. 


* Repair service. We have an expert staff and 
fully equipped workshop to carry out repairs 
on anaesthetic equipment. 


*% Tomorrow and yesterday. Not only is there 
on display a comprehensive selection of 
modern apparatus and accessories, but alsoa 
range of early equipment having many in- 
teresting links with the past. 


* Anaesthetic reference library. An up-to- 
date Library is housed in a reading room 
open to all visitors. 


* Facilities for authors and lecturers. We will 
gladly loan photographs, diagrams, printing 
blocks and actual equipment. In some cases 
sectional models, film strips and lantern 
slides can also be made available. 
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for oral pre-anaesthetic medication of children. Only a small quantity of the syrup is required. 


brand Medical Proaucts 
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| ‘PHENERGAN 
trade mark brand 
combines sedative, anti-emetic and antihistamine actions with a drying effect on secretions. a ee 
‘SONERGAN’ | 
| trademark brand 
E 
a sedative and hypnotic particularly useful on the nights before and after operation. ey 
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There are now five carefully selected combinations of promethazine and 


pethijine with or without scopolamine or atropine in s 
ampoules. These presentations eliminate the tedious proc 


cially prepared 
ure of mixing the 


contents of two or more separate ampoules, and the trauma resulting from 
large or multiple injections. 


*‘PAMERGAN' 


P.100/25 


SP.50 


AP.100/25 


MANUFACTURED BY 


SOLUTIONS ARE PRESENTED AS— 


PETHIDINE HYDROCHLORIDE B.P. 
PROMETHAZINE HYDROCHLORIDE B.P. 
in each 2 ml. ampoule 


PETHIDINE HYDROCHLORIDE B.P. , 
PROMETHAZINE HYDROCHLORIDE B.P. 
in each 1 ml. ampoule 


SCOPOLAMINE HYDROBROMIDE B.P. 
PETHIDINE HYDROCHLORIDE B.P. 
PROMETHAZINE HYDROCHLORIDE B.P. . 
in each 2 ml. ampoule 


SCOPOLAMINE B.P. 
PETHIDINE HYDROCHLORIDE B.P. 
PROMETHAZINE HYDROCHLORIDE B.P. 
in each 2 ml. ampoule 


ATROPINE SULPHATE B. as 

PETHIDINE HYDROCHLORIDE B.P 
PROMETHAZINE HYDROC HLORIDE B.P. 
in each 1 ml. ampoule 


Detailed information is available on request. 
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Truly accurate blood loss measurement with the 


VAN DEN BERG 
HAEMAPORRHOMETER 


METHOD: Blood bandages and are of © The head 
AY is apparatus which 
of water. Conductivity ls gauged by a measur- Immediate Indicates lod Tone double 
ing head in which there are two branches 


ADVANTAGES: 


SIER EX 


An immediate reading of the blood loss up to 4,000 ml permits con- 
tinuous, accurate blood replacement. 

The apparatus can be accurately calibrated against the patient’s blood. 
Great accuracy (4%) of measurement combined with temperature 
and phase compensation. 

By means of individual calibration the composition of the blood during 
operation can be checked. 

The apparatus can also be used to check the blood electrolyte content 
of a patient 


Spilling of or moistening with liquids not containing electrolyte has 
no influence on the reading. 


Further details gladly supplied 


ere LANgham 2464 


on request. 


241 Tottenham Court Road London W.! 


Hi of Si & Elema Schénander X-ray and medical equipment, Hanau 
os Kiister sterilizers, Maquet and Kifa operating tables and Ellab thermometers. 


THE INTERNATIONAL MEDICAL ABSTRACTING SERVICE 


EXCERPTA MEDICA 


AMSTERDAM NEW YORK 


offers to medical science: 


For each medical specialty a MONTHLY ABSTRACTING JOURNAL containing 
abstracts in English from every available medical journal in the world. 


Two special publications : 


(1) SIDE EFFECTS OF DRUGS: an exhaustive and up-to-date review of the use 
of present-day drugs and their side effects, edited and compiled by L. Meyler, 
M.D. 


(2) PHARMACOLOGICAL AND CHEMICAL SYNONYMS: 


a collection of 


more than 8,000 references from the medical literature of the world, compiled 


by E. E. J. Marler, M.D., M.Sc., Ph.D. 


A TRANSLATION SERVICE for the rapid translation of medical publications and 


manuscripts. 


Address your requests to our sole distributors for Great Britain and the Commonwealth 


(excluding Canada and South Africa) 


E. & S. LIVINGSTONE, LTD. Teviot Place, Edinburgh, 1 
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NOTICE TO CONTRIBUTORS 


This Journal is for the publication of original 
work in all branches of anaesthesia, including the 
application of basic sciences. The March and 
September issues deal mainly with material of 
educational value. 


Papers. Papers are accepted on the understand- 
ing that they have not been and will not be 
published in whole or in part in any other journal. 
They are subject to editorial revision. Manuscripts 
should indicate the title of the paper, the name, 
qualifications and full address of the author, and 
be in double-spaced typing on one side only of 
quarto paper with a wide margin. 


Abbreviations, Weights and Measures. Abbre- 
viations should follow the convention adopted by 
the Fournal of Physiology. Weights and measures, 
dosages, etc., should be expressed in the metric 
system. 


Tables. All tables should be on separate sheets 
and be capable of interpretation without reference 
to the text. 


Illustrations. Photographs should be un- 
mounted, glossy prints. Drawings, charts and 
graphs should be in black indian ink on white 
paper. All illustrations should be clearly numbered 
with reference to the text on the back and should 
be accompanied by a suitable legend. The name 
of the author and title of the paper should also be 
written on tht back of the illustrations. 


References. There should be a table of refer- 
ences at the conclusion of the paper. These 
references should be arranged according to the 
Harvard system and in alphabetical order. 
Abbreviations in the references should be accord- 
ing to the World List of Scientific Publications. 


In the Harvard system, in the text the year of 
publication must follow the author’s name, more 
than one paper in any one year being indicated by 
a small letter (a, b, c) after the date. In the 
references, the order should be: author’s name, 
followed by initials; year of publication in paren- 
theses; title of paper to which reference is made; 
title of publication underlined with a single line 
(to indicate italics) and abbreviated in accordance 
with the World List of Scientific Periodicals; 
volume number in arabic numerals, underlined 
with a wavy line (to indicate bold face); the 
number of the first page in arabic numerals; thus: 
Howell, T. H., Harth, J. A. P., and Dietrich, M. 
(1954). The Use of Chlorpromazine in Geriatrics. 
Practitioner, 173, 172. 


In the case of books, the reference should be as 
follows: name of author and initials; year of 
publication in parentheses; title of the book: 
number of edition; page number; town of origin, 
publisher; e.g., Hewer, C. L. (1948). Recent 
Advances in Anaesthesia and Analgesia, 6th ed., 
p. 120, London: Churchill. 


The British Fournal of Anaesthesia should be 
referred to in the references as Brit. 7. Anaesth. 


Proofs. Proofs will be sent to all contributors. 
These should be corrected and returned to the 
Joint Editors within forty-eight hours. 


Reprints. Twenty-five reprints of articles will 
be dispatched to the authors after publication. 
Further reprints can be supplied if application is 
made when the proofs are returned. 


Copyright. Papers which have been published 
become the property of the Journal and permission 
to republish must be obtained from the Editors. 
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sf gives profound muscular 
relaxation for 2 to 6 minutes 


sk allows rapid return of spontaneous 
respiration and normal muscle 
tone, after use 


does not release histamine nor 
produce bronchospasm 


is free from toxic effects 


may be used with safety with 
all known anesthetic agents 


sk reduces the risk of bone-fracture 
during E.C.T. 


| Scoline contains 50 mg. succinyl- | 
| choline chloride in each c.c. Supplied 
| jn ampoules of 2c.c. in boxes of 5and 
' 100 ampoules and in rubber-capped 
vials of 10 c.c. | 


STANDARD REFERENCE CARD ON APPLICATION 


Manufacturedin Englandbv ALL" N & HANBURYS LIMITED LONDON E2 


N58/515/H 


for deep but contro//ed relaxation 
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All enquiries concerning 


ADVERTISING SPACE IN THIS JOURNAL 


should be addressed to 
the Advertising Agent 


Mrs. K. BLOMFIELD 
57 CHURCH STREET 
OLD ISLEWORTH, MIDDLESEX 


Telephone ISLeworth 7788 
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The wide Of... 


trade mark brand 


LIGNOCAINE Local Anaesthetics 
RAPID - DEEP CERTAIN LASTING SAFE 


XYLOTOX 
Jelly 


For urethral and 
vaginal anaesthesia. 


XYLOTOX 
Solutions 


For injection: 

4%, 1% and 2% 
solutions, plain or 
with adrenaline, in 
20, 50, 250 and 500 ml. 
bottles 

For topical use: 

solution, plain or 
with adrenaline, in 

25 ml. bottles. 


For surgery use : 
15G. and 30G. tubes 
with applicators. | 


For instrument 
lubrication : 


XYLOTOX 
Oral 

For surface 
anaesthesia of the 
upper digestive tract. 


XYLOTOX 
Pastes 


For surface 
anaesthesia of the 
mucosa 
XYLOTOX-NORMAL 
(without 
amethocaine) 
XYLOTON-EXTRA 
(with 
amethocaine). 
j-oz. tubes. 


A viscous pleasantly- 3 
flavoured product. 
200 mi. bottles. 


PHARMACEUTICAL MANUFACTURING COMPANY 
The Local Anaesthetic Specialists 
EPSOM - SURREY 
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“1 would have everie man write what he knowes and no more.” — MONTAIGNE 


BRITISH JOURNAL OF ANAESTHESIA 


VOL. XXXII, No. 10 


OCTOBER 1960 


EDITORIAL 


TEACHING AND RESEARCH 


Tue good teacher in the course of exercising his 
didactic function is forced to recognize the 
inevitable gaps in his knowledge and understand- 
ing. Indeed, being a good teacher, he will stimu- 
late his pupils to probe, tease open and expose 
these gaps, which, albeit subconsciously, he might 
tend to gloss over and hide. This most fruitful 
aspect of the teacher-student relationship cannot 
exist when the “Professor”, as is only too often 
the case in some countries, is above academic 
reproach and isolates himself, if not in “a cloud 
of unknowing”, behind a facade of aloofness and 
inaccessibility. 

Dr. Robert Coope in his unique anthology 
The Quiet Art reports a Professor of Thera- 
peutics of Glasgow University, Noah Morris, as 
holding the firm conviction that the teacher had 
failed if, at the end of his discourse, he was not 
mentally exhilarated and physically exhausted. 

In the clinical field, especially, teaching and 
research go most happily and fruitfully together. 


If divorced one from the other, the former tends 
to become authoritarian, impressionistic and 
arrested in growth, whilst the latter is likely to 
pursue rarefied tracks remote from clinical appli- 
cation. The academic anaesthetic departments 
have recognized this and the result over the last 
decade has been an outpouring of new knowledge 
of great practical importance. The clinician should 
now understand better the machines he uses, the 
characteristics of the various “circuits” he has, 
quite empirically, found to work, the vaporizers 
from which he dispenses dosage and the phar- 
macological facts he must apply during almost 
every minute of his working day. 

The series of papers emanating from Belfast 
must influence the use of commonly employed 
drugs and there will be clinicians in many fields 
who will welcome the lucid account from the 
Cardiff Department of the principles of suction 
and their application to clinical practice. 
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ALTERATIONS IN RESPONSE TO SOMATIC PAIN ASSOCIATED 


WITH ANAESTHESIA 


Ill: THE EFFECT OF HYDROXYDIONE 


Joun W. Dundee 
Department of Anaesthetics, The Queen's University of Belfast, Northern Ireland 


IN a previous publication, the author reported that 
an increased sensitivity to pain followed the use 
of small doses of thiopentone and pentobarbitone 
(Dundee, 1960), thus confirming the findings of 
Clutton-Brock (1960). It was suggested that this 
anti-analgesic action of thiopentone was due to 
low concentrations of the drug in the brain and 
the phenomenon was also demonstrated in the 
postoperative period following moderate and 
large doses of the drug. On occasions it persisted 
for as long as five hours after injection of the thio- 
pentone. 

Clutton-Brock (1960) has also stated that the 
anti-analgesic action of the barbiturates is not 
shared by hydroxydione. This brief communica- 
tion reports and discusses data which substantiate 
his findings. 


METHOD 


The method of study was similar to that used 
for thiopentone and pentobarbitone and the 
method of analgesimetry described by Dundee 
and Moore (1960) was employed. It was not, 
however, felt justifiable to employ hydroxydione 
for induction of anaesthesia for dilatation and 
curettage as in the previous study, although this 
operation had been found to be particularly suit- 
able for a postoperative study because of the 
absence of pain. Except where subanaesthetic 
doses were used all studies were done prior to 
major abdominal or thoracic surgery no post- 
operative studies were carried out. All patients 
received 0.6 mg atropine as sole pre-anaesthetic 
medication. 
RESULTS 


Since, in the author’s experience, thiopentone is 


about 2.5 times as potent as hydroxydione as an 
agent for the induction of anaesthesia, doses of 
the latter ranging from 2-4 mg/kg were given 
to 10 patients. In nine of these there was no 
appreciable alteration in either threshold or res- 
ponse readings during periods ranging from 8 
to 10 minutes after injection. The one exception 
to this is shown in figure 1, which also shows the 
effect of larger doses of the drug in the period 
prior to loss of consciousness. The trend was 
definitely towards a decreased sensitivity to pain 
and in only one patient could an anti-analgesic 
action be demonstrated. 
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Fic. 1 
The effect of varying single doses of hydroxydione 
on pain threshold (- - - - - ) and response ( ) 


readings prior to loss of consciousness, Figures show 
dosage in mg/kg 
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RESPONSE TO SOMATIC PAIN ASSOCIATED WITH ANAESTHESIA—III 


Rises in pain response readings did not occur 
until three to five minutes after injection, and 
by this time the narcotic effect of hydroxydione 
was becoming manifest. It became apparent that 
the analgesic and narcotic actions of the drug 
were very closely associated. 

The effect of intermittent doses of hydroxy- 
dione on pain response readings is shown in 
figure 2. Here again, the drug produced an appre- 
ciable degree of analgesia which was accom- 
panied by a gradual loss of consciousness. This 
figure also shows the additional analgesia pro- 
duced by nitrous oxide-oxygen (50 per cent) and 
the intravenous injection of pethidine. This 
patient was scheduled for prostatectomy but only 
a cystoscopy was carried out and so _post- 
operative readings were possible. These failed to 
detect any anti-analgesic action during the four 
hours after operation. It is unlikely that these 
readings were influenced by the small intravenous 
dose of pethidine. 


Hydroxydione mg/Kg 
wa 47 1% 16 
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Pain Units 


20 mg 
Pethidine 
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been reported following hydroxydione anaesthesia 
(Galley and Rooms, 1956). 

The occurrence of this greater postoperative 
comfort is a clinical impression which has not 
been subjected to detailed study. It may be more 
apparent than real and depend on the dose of 
thiopentone used by the anaesthetists who are 
making this comparison. In a series of major 
abdominal or thoracic cases, half of whom re- 
ceived 200-300 mg thiopentone (the remainder 
being given hydroxydione) the author has been 
unable to detect any less postoperative discomfort 
or lowered requirements of analgesics with the 
steroid. With these small doses of thiopentone, 
the time when the anti-analgesic action would 
occur was almost certainly passed before the end 
of the operation. 

This discussion is not intended to distract from 
the value that an intravenous anaesthetic with 
analgesic properties would have for the anaes- 
thetist. It seems that such a drug will not be a 


20 


4 60 80 100 2 
Time in Minutes 


Fic. 2 
The effect of repeated doses of hydroxydione, followed by N,O--O, 
(SO per cent) and pethidine on pain response readings in a patient under- 
going cystoscopy, 


DISCUSSION 


These observations confirm those of Clutton-Brock 
(1960) and show that the anti-analgesic action 
which is a feature of the action of the barbiturates 
is absent with hydroxydione. The same author 
considers that this may well account for the 
increase in comfort after operation which has 


barbiturate. No other intravenous steroid anaes- 
thetics are at present available for clinical study, 
but it would be of great interest to find whether 
other similar compounds are devoid of the anti- 
analgesic action possessed by the barbiturates. If 
this is the case, then it is hoped that one can be 
synthesized with the same rapid onset of action 
as thiopentone. 
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Because of the close association of analgesia 
with dulling of consciousness it is unlikely that 
hydroxydione will have any clinical use as a 


general analgesic. 


SUMMARY 

Studies show that, unlike the barbiturates, 
hydroxydione does not increase sensitivity to 
pain in subanaesthetic doses. There is a gradually 
increasing analgesia following the injection of 
anaesthetic doses, but this is paralleled by the 
hypnotic action of the drug 

It has been suggested that the analgesic action 
of hydroxydione may be the explanation for the 
feeling of comfort reported after its use. This 
feeling of postoperative well-being following 
hydroxydione may be more apparent than real 
and depend on the dose of thiopentone given to 
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the series of patients with whom the comparison 
ts made. 
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ALTERATIONS IN RESPONSE TO SOMATIC PAIN ASSOCIATED WITH 


ANAESTHESIA 
IV; THE EFFECT OF SUB-ANAESTHETIC CONCENTRATIONS OF 


INHALATION AGENTS 
RY 


W. Dunper anp James Moore 


In 1950, Rees and Gray suggested that balanced 
surgical anaesthesia should consist of the triad 
of relaxation, narcosis and analgesia. With the 
increasing use of muscle relaxants for major 
surgery, this concept received widespread accep- 
tance (Gray and Rees, 1952) and is the basis for 
the techniques employed by many anaesthetists 
today. Although Woodbridge (1957) and others 
have cast doubt on the accuracy of the use of 
the word “analgesia”, which it has been sug- 
gested should be divided into sensory and reflex 
depression, the necessity for analgesia in obstet- 
rics minor body surface operations, treatment 
of burns, etc., is well established. 

The demonstration of the anti-analgesic action 
of small doses of thiopentone by Clutton-Brock 
(1960) has raised many questions as to the choice 
of drugs for non-relaxant anaesthetic techniques, 
Clutton-Brock’s findings have been verified by 
Dundee (1960) and this work prompted us to 
study the analgesic action of sub-anaesthetic 
concentrations of inhalation agents. 

In order to avoid any possible confusion in ter- 
minology, it should be pointed out that the 
authors refer to analgesia as a state in which there 
is decreased appreciation of pain. The conscious 
subject can indicate the presence of this state on 
request, while in the unconscious subject (where 
muscle relaxants have not been used) it can be 
demonstrated by absence or decreased response to 
a painful stimulus, 


Drugs and concentrations studied, 

The concentrations of the anaesthetic agents 
studied are either those used clinically for the 
production of analgesia or those which, from 
previous experience, it is known will not usually 
cause loss of consciousness. The agents and con- 


Department of Anaesthetics, The Queen's University of Belfast, Northern Ireland 


centrations (v/v) which form the basis of this 
publication are as follows: 


Nitrous oxide so per cent (9 observations) 
oxygen) per cent (10 observations) 
28 per cent (9 observations) 

Trichloroethy lene O% per cent (14 observations) 
(in air) per cent (7 observations) 
Mrethy! ether (in air) 2 per cent (6 observations) 
per cemt (4 observations) 

Halothane OS per cent observations) 


gen) 

This includes all commonly used inhalation 
anaesthetics with the exception of cyclopropane, 
With the non-rebreathing technique and high gas 
flows required for this study, it was felt thar the 
explosion hazard associated with mixtures of this 
gas with oxygen was too great to justify its 
inclusion. 

METHOD 
All observations, except those with halothane, 
were carried out in fit unpremedicated medical 
students, The advisability of the pre-anaesthetic 
use of atropine 0.6 mg necessitated limiting the 
halothene studies to patients about to undergo 
minor body surface operations. 

All anaesthetics were administered by a non- 
rebreathing technique. In the case of nitrous 
oxide and oxygen cither a Walton Mark V or 
Gillies machine was used. The percentage oxygen 
was checked to within +2 per cent with 
a Beckman oxygen analyzer and the concentration 
of nitrous oxide was obtained by subtraction. 
Trichloroethylene in air was delivered from the 
standard midwifery Tecota apparatus while 
diethyl ether was volatilized by air in the E.M.O, 
apparatus. 

Halothane was volatilized by an 8 litre per 
minute flow of oxygen using a specially calibrated 
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Fluotec Mark II vaporizer. This gas flow proved 
adequate to ensure no rebreathing with the Ruben 
valve. 

The pain threshold and response readings were 
estimated using an inverted spring balance pressed 
on the anterior surface of the tibia as described by 
Dundee and Moore (1960). In view of the enor- 
mous variations in readings obtained by untrained 
observers with this method, all observations in 
this study were done personally by one or other 
of the authors. After a duplicate control reading, 
single observations were made at 1 to 2 minute 
intervals, the duration of the study varying from 
3 to 10 minutes depending on circumstances to 
be discussed later. 

In the studies carried out on students, only the 
pain threshold was estimated as shown by the 
reading on the balance when the subject indicated 
that the sensation of pressure changed to pain. 
(It was a simple matter to arrange a signal, such 
as raising a hand, by which the subjects could 
indicate the end point when the face mask was 
applied.) It was intended to administer the agent 
under study for exactly 5 minutes and also to 
follow the pain readings during the recovery 
period. Unfortunately a few subjects were unable 
to tolerate the inhalation for this period of time 
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and others showed evidence of beginning to lose 
consciousness—as indicated by their ability to 
respond to a command—and the inhalation had 
to be stopped prematurely. 

Both the threshold (first sensation of pain) and 
response (pain intolerable) readings were esti- 
mated in the subjects who received halothane. In 
these patients observations were made for a period 
of not less than 10 minutes and the operative 
procedure was later carried out under halothane 
and oxygen (using a concentration not exceeding 
1 per cent). Since no narcotic premedication was 
given to these patients it was considered worth 
while to carry out further readings (response only) 
in the postoperative period. These were done at 
5 to 10 minute intervals until two successive 
readings similar to the initial control observation 
were obtained. 


RESULTS 


The inhalation of 50 per cent nitrous oxide in 
oxygen resulted in a rise in pain threshold readings 
in eight out of nine subjects (fig. 1). The maxi- 
mum effect was observed within 2 to 4 minutes 
of commencement of the inhalation and more 
prolonged inhalation d'd not increase the degree 
of analgesia as measured by our method. A 
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Effect of inhalation of 50 per cent nitrous oxide in oxygen on pain threshold 
readings in fit student volunteers. 
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measurable degree of analgesia did not persist 
for more than 2 minutes after the end of the 
administration. 

Both 25 and 33 per cent concentrations of 
nitrous oxide produced a marked degree of anal- 
gesia but the maximum effect did not occur until 
after 3 to 6 minutes of inhalation (fig. 2). 
Because of the wide scatter of initial readings it 
was not possible to compare directly the effects 
of the different concentrations of this drug. It 
will be seen that two subjects were on the verge 
of unconsciousness after 2 to 3 minutes inhala- 
tion of the 50 per cent concentration but this did 
not occur with the lower concentrations. 

While our results demonstrated an analgesic 
action of low concentration of trichloroethylene 
(fig. 3), it can be seen that almost half of the 
subjects showed a transient increased sensitivity 
to pain before an elevation in the pain threshold 
could be detected. This was not associated with 
any unpleasant subjective sensations by the sub- 
jects, nor was there any instance of restlessness 
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Effect of inhalation of 33 per cent and 25 per cent 
nitrous oxide in oxygen on pain threshold readings. 
Conventions as for figure 1. 
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Fic. 3 
Effect of inhalation of 0.5 per cent and 0.35 per cent 
trichloroethylene in air on pain threshold readings in 
fit student volunteers. 
Conventions as for figure 1. 


during the inhalation. Analgesia persisted longer 
after trichloroethylene than after any of the other 
agents studied. 

More than half of the subjects could not tolerate 
the prolonged inhalation of either 1 or 2 per cent 
diethyl ether and this accounts for the paucity 
of observations in figure 4. Both these concentra- 
tions caused a marked increase in tolerance to 
pain and this persisted for up to 4 minutes after 
the use of the 2 per cent vapour. It is not justi- 
fiable to make dogmatic statements as to the 
time required for the maximum effect of ether 
from so few observations but this does not seem 
to occur as quickly as with 50 per cent nitrous 
oxide in oxygen. 

The readings with halothane failed to demon- 
strate any analgesic action after 10 minutes 
inhalation of 0.5 per cent concentration of the 
drug (fig. 5). Postoperative studies (fig. 6) showed 
the expected rise in response readings in the 
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Fic. 4 Observations on pain threshold and response readings 
Effect of inhalation of 2 per cent and | per cent ether during inhalation of 0.5 per cent halothane in oxygen 
in air on pain threshold readings. in fit subjects, premedicated with atropine 0.6 mg. 
Conventions as for figure 1. 
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Alterations in pain response readings, as compared with pre-anaesthetic 
control observation, in subjects during recovery from the inhalation of 
0.5-1 per cent halothane in oxygen. 

- - - - Normal range of variation from control with method employed. 
Figures indicate duration of the administration in minutes. 
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semiconscious state but this was consistently 
followed by an increased sensitivity to pain. The 
duration of this “anti-analgesic” action seemed 
to be related to the total time of inhalation of the 
drug but further studies are required to confirm 
this finding. 

Lest it be thought that hyperventilation result- 
ing from apprehension or the inhalation of an 
irritant vapour might be the cause of the decreased 
sensitivity to pain, in a few of the student volun- 
teers no volatile adjuvant was given and the 
threshold readings then remained unchanged. 
Furthermore, in two volunteers an attempt was 
made to produce analgesia by hyperventilation with 
air, as described by Clutton-Brock (1957), and 
minute volumes of 70-80 litres per minute were 
required for 2 to 3 minutes, before an elevation 
of the pain threshold occurred. Such respiratory 
minute volumes were never reached during any 
of the studies with the anaesthetic agents. 


DISCUSSION 


With the exception of halothane our results 
demonstrated an analgesic action of low concen- 
trations of all the inhalation agents studied. Apart 
from its use in obstetrics the analgesic action of 
nitrous oxide and oxygen mixtures is widely 
employed in anaesthesia for major abdominal and 
thoracic surgery, in combination with a muscle 
relaxant, with or without the previous use of thio- 
pentone (Foldes, Ceravolo and Carpenter, 1952; 
Ruben, 1953; Heller, Watson and Storrs, 1956; 
Gray and Riding, 1957). It has been shown by 
Gray (1954) that a 50 per cent concentration of 
nitrous oxide will eventually lead to loss of con- 
sciousness, the time taken varying with the total 
gas flow. Our results show that this can occasion- 
ally occur within a few minutes when rebreathing 
is eliminated. The variability of this time is shown 
by the findings of Frumin (1957), who found that 
after the prolonged administration of 65 per cent 
nitrous oxide quite a number of patients could 
still respond to verbal commands. The use of 
mixtures of 25 to 50 per cent nitrous oxide in 
oxygen is worthy of further study as an analgesic 
for use in circumstances where the loss of con- 
sciousness is highly undesirable. 

Comparing these findings with those of a pre- 
vious study (Dundee and Moore, 1960), it would 
seem that 50 per cent nitrous oxide and oxygen 
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produces a more marked degree of analgesia than 
that which follows the intravenous injection of 
100 mg of pethidine. In support of this is the 
observation that the pethidine-induced analgesia 
is more readily antagonized by small doses of 
thiopentone than that produced by the nitrous 
oxide (Dundee, 1960). 

There were several marked differences between 
the results obtained with nitrous oxide and those 
with trichloroethylene, which may have clinical 
applications. The first of these is the transient 
initial “anti-analgesic” action of trichloroethylene 
which was observed in about half the subjects with 
each concentration studied. No such effect was de- 
tected with nitrous oxide. It was also found that 
the onset of analgesia occurred much more rapidly 
with 50 per cent nitrous oxide than with either 
0.5 or 0.35 per cent trichloroethylene. However, 
the effect of trichloroethylene persisted much 
longer after the end of the inhalation than that of 
nitrous oxide. This was accompanied by a feeling 
of lassitude and this hangover action was a 
frequent cause of complaint from the students 
concerned. 

From the above it would seem that nitrous 
oxide is the more useful of the two drugs for the 
relief of pain in childbirth when a rapid effect 
is required. In a recent paper Lindgren (1959) 
states that the analgesic effect of trichloroethylene 
begins after about 10 minutes of inhalation, but 
few workers would agree that the delay is as great 
as this. The drowsiness and lack of co-operation 
which follows the prolonged use of low concen- 
trations of trichloroethylene is well known and 
this study shows that residual effects occur after 
administrations lasting only 5 minutes. 

The term “stage of analgesia” applied by 
Guedel (1937) to the first stage of anaesthesia 
with ether is an indication that its analgesic 
properties have been appreciated for many years. 
However, this effect has only been put to clinical 
use following the work of Artusio (1954, 1955). 
It is this analgesic action of low concentrations 
of ether which forms the basis of the ether-air- 
relaxant techniques described recently by Nan- 
drup (1959), Parkhouse and Simpson (1959), 
and Poppelbaum (1959). However, our attempts 
to study the analgesic action of this drug showed 
that 1-2 per cent concentrations were not easily 
respirable by unpremedicated conscious subjects 
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and this will limit the clinical applications of the 
use of this action of ether. 

In view of the observations of Bryce-Smith 
and O’Brien (1956) it was not surprising that we 
were unable to demonstrate an analgesic effect 
from 0.5 per cent concentrations of halothane. 
The not infrequent occurrence of moderate 
degrees of hypotension soon after commencement 
of the use of halothane, when considered in the 
light of the above findings, suggests that “light” 
halothane anaesthesia is rarely if ever used in 
anaesthesia. The authors feel that the inability of 
sub-anaesthetic concentrations of the drug to 
decrease sensitivity to somatic pain is a definite 
disadvantage and necessitates the use of concen- 
trations which produce a marked degree of 
cerebral depression for even minor procedures. 

The increased sensitivity to pain which was 
observed in all patients in the postoperative 
period may explain the occurrence of shivering 
which Bryce-Smith and O’Brien (1956), Brennan, 
Hunter and Johnstone (1957), and Bull, du 
Plessis and Pretorious (1958) reported following 
halothane anaesthesia. Shivering is brought about 
by an increase in the temperature gradient 
between the receptor organ for cold sensation in 
the skin and the centres in the hypothalamus 
(Davis and Mayer, 1955). In common with other 
sensations from the periphery, this effect may be 
obtunded by analgesics including low concentra- 
tions of inhalation anaesthetics excepting halo- 
thane. The observation of Smith, Bachman and 
Bougas (1955) that thiopentone anaesthesia is 
followed by a much higher incidence of shivering 
than ether supports this view, since the effect of 
barbiturates on pain threshold during recovery 
is similar to that found with halothane. 

The correlation between the time during which 
an “anti-analgesic” action could be demonstrated 
following the administration of halothane, and 
the duration of the anaesthesia, suggest that this 
phenomenon is the result of low blood levels of 
the drug. The longer the admin’stration, the 
greater will be the time taken to excrete the 
halothane. Thus, the duration of its effect on pain 
threshold and response readings will be prolonged 
in proportion to the duration of anaesthesia. 

From the practical point of view, halothane 
would seem to be an undesirable agent to use as 
sole anaesthetic, particularly for minor procedures. 
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Lack of amalgesia can be counteracted by 
volatilizing it with nitrous oxide and oxygen and 
by the pre-operative use of an opiate. Further 
studies are needed to find if, like thiopentone, 
halothane antagonizes the analgesic action of these 
two supplementary drugs. The effect of low con- 
centrations of the halothane-ether azeotropic 
mixture on the appreciation of pain also merits 
investigation. 


SUMMARY 


Using a method of assessing the patient’s tolerance 

to pain caused by pressure on the anterior sur- 

face of the tibia, the effect of sub-anaesthetic 
concentrations of all commonly used inhalation 
anaesthetics, except cyclopropane, was studied. 

With the exception of halothane, all agents 
decreased sensitivity to pain. It seems that only 
in the case of nitrous oxide-oxygen and trichloro- 
ethylene-air is this analgesic action likely to be 
of any clinical use. 

The lack of analgesic action of halothane is an 
undesirable property of this drug and limits its 
safe use as sole anaesthetic. Increased apprecia- 
tion of pain was observed in the postoperative 
period after the use of halothane and this may 
explain the high incidence of shivering which 
follows its use. 
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PULMONARY VASCULAR CHANGES DURING ANAESTHESIA 


D. C. C. STarRK AND H. SMITH 


Department of Anaesthetics, Royal Victoria Infirmary, and Medical School, 
King’s College, Newcastle upon Tyne, England 


In considering the aetiology of postoperative pul- 
monary collapse it is important to try to learn 
when the pathological process starts. Gordh, 
Linderholm and Norlander (1958), investigating 
a series of upper abdominal cases on the first 
postoperative day by examining the arterial Po, 
while the patient breathed air followed by pure 
oxygen, showed that in these cases venous ad- 
mixture was occurring greatly in excess of the 
normal physiological right-to-left shunt of 2 to 5 
per cent of the cardiac output. It is the purpose 
of the present investigation to determine whether 
or not this right-to-left shunting of blood in the 
lung was occurring during or immediately follow- 
ing anaesthesia and operation. 


CLINICAL METHOD 


The patients were ventilated with or breathed 
pure oxygen for at least 2 minutes to rid the lungs 
of nitrogen or anaesthetic agents and to raise the 
alveolar Po, to a level at which the haemoglobin 
would be as near 100 per cent saturation as pos- 
sible. A specimen of gas approximately represen- 
tative of the alveolar oxygen concentration was 
then obtained by causing the patient to rebreathe 
oxygen from a l-litre polythene bag for 15 
seconds each minute for 4 minutes. A specimen 
(10 ml) of arterial blood was collected during the 
period of equilibrium of the alveolar gas sample. 

Two series of patients were studied. First, 
patients subjected to minor nonabdominal sur- 
gery. To avoid arterial puncture as much as pos- 
sible these were all patients being submitted to 
cerebral angiography or lumbar aortography. 
Anaesthesia included thiopentone, suxameth- 
onium, endotracheal intubation and subsequent 
light anaesthesia with nitrous oxide, oxygen and 
halothane. 


In the second series, the patients were all being 
submitted to major abdominal surgery. Induction 
was as in the first series and immediately there- 
after the lungs were ventilated for 4 minutes with 
oxygen, a sample of “alveolar” gas being obtained 
by rebreathing and a specimen of arterial blood 
being withdrawn through a fine (No. 12) needle 
from the femoral artery. At the end of operation 
the procedure was repeated. 


ANALYTICAL METHODS 


The oxygen content of the “alveolar” gas was 
determined by the technique described by Smith 
and Pask (1959) which is unaffected by the 
presence of soluble components in the gas mixture. 

The tension of oxygen in the arterial blood 
was determined by estimating the content of dis- 
solved oxygen in the separated plasma. Though 
the specimens of arterial blood were examined 
as quickly as possible, it was necessary to ensure 
that oxygen consumption by the cells did not 
reduce the oxygen tension of the plasma. While 
potassium fluoride is accepted as an inhibitor of 
glycolysis, the evidence that it inhibits oxygen 
consumption is incomplete. Furthermore, potas- 
sium fluoride interferes with the chemical re- 
action to be employed. However, it was found, 
using a polarographic method that blood quickly 
cooled in syringes to 8°C and then oxygenated 
showed little change in oxygen tension over a 
period of 30 minutes in contrast to blood oxygen- 
ated and maintained at 38°C (fig. 1). Our speci- 
mens were always analyzed within 10 minutes. 

Cooling of whole blood necessarily results in 
an increase in the solubility of oxygen in plasma, 
and in a sealed environment redistribution of 
oxygen between cells and plasma might occur. If 
the plasma is separated at this temperature and 
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MINS. 

Fic. 1 
Changes in Po, of whole blood at 8° and 38°C 
respectively. Polarographic method using a stationary 


platinum electrode v. S.C.E. at —0.7v. Tension in 
mm Hg. 


is subsequently rewarmed to 38°C, the oxygen 
tension recorded might be erroneously high. We 
have determined the significance of this factor. 
Oxygenated arterial blood, obtained from patients 
breathing pure oxygen, was maintained at 38°C 
in sealed syringes. Within 5 minutes of collection, 
half the specimen was centrifuged under liquid 
paraffin at 38°C while the other half was cooled 
to 8°C for 10 minutes. The cooled blood was 
rapidly centrifuged under liquid paraffin at room 
temperature and the separated plasma was re- 
warmed to 38°C. Plasma oxygen tension and 
oxygen content were then determined on both 
specimens by polarographic and spectrophoto- 
metric techniques. Table I summarizes the results 
and indicates that our experimental cooling pro- 
cedure does not significantly alter the plasma 
oxygen tension. 

Haemolysis caused by mechanical injury to the 
cells could affect the apparent oxygen concentra- 
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TABLE I 


The influence upon oxygen tension of cooling whole 
blood and subsequent rewarming of the separated 
plasma. 


Plasma oxygen 
content («1./ml) 


Cooled 
and 
rewarmed 
21.3 
20.6 
19.8 


Plasma Po, (mm Hg) 


Cooled 
and 
rewarmed At 38°C 
704 21.0 


694 20.5 
652 19.8 


At 38°C 


1 692 
2 690 
3 


Specimen 


650 


tion in the plasma. Specimens of plasma were 
examined spectrophotometrically in the z-oxy- 
haemoglobin band (578) and no measurable 
degree of haemolysis was found. 

The arterial specimens were centrifuged in 
selected tubes which had been closely fitted with 
Perspex plugs having a narrow central hole (fig. 2). 


Fic. 2 
Tube used for the “anaerobic” separation of plasma. 


A predetermined volume of liquid paraffin was 
put into the tube and an exact volume of blood 
was introduced under the paraffin. The plug was 
immediately replaced so that almost all the paraffin 
was displaced from the tube and the upper sur- 
face of the blood came to lie in the narrow central 
hole in the plug. The blood was thus protected 
from contact with air by a thick layer of paraffin, 
but the surface of contact of paraffin and blood 
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was very small. The separated plasma can then 
be extracted by inserting a cannula through the 
hole into the plug and withdrawing the necessary 
2 ml into the reagent syringe. 

The method employed for the determination of 
the plasma oxygen is a modification of the tech- 
nique described by Exton, Schattner, Korman 
and Rose (1945) for estimating the oxygen con- 
tent of whole blood. The principle is that plasma, 
separated from corpuscles under anaerobic con- 
ditions, is drawn into the syringe containing 
air-free ferrous hydroxide solution. Under these 
anaerobic conditions, ferrous hydroxide is oxidized 
quantitatively by the dissolved oxygen in the 
plasma and the ferric iron produced is estimated 
by spectrophotometry after the formation of 2 
complex with sulphosalicylic acid. 

In order to ensure that constant and accurately 
known volumes of plasma are introduced into the 


Fic. 
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reaction vessel, the unit illustrated in figure 3 was 
constructed. 

“A” is a 10-ml all-glass syringe containing a 
glass bead; the syringe is rigidly fixed to a wooden 
base by Terry clips and a piece of aluminium angle. 
The end of the plunger is made true by coating 
with Araldite and subsequent facing on a lathe. 
An 8-cm No. | needle, bent at a right angle near 
its hub, is fixed to the syringe. “C” is a threaded 
shaft supported on the base and “D” is an adjust- 
able stop, composed of two knurled nuts capable 
of being locked in any position on the shaft. “B” 
is a brass spacer with a spigot, which fits into 
the end of the threaded shaft “E”. 

The analysis is performed as follows: With the 
threaded shaft turned maximally in an anti- 
clockwise direction, 5 ml of oxygen-free 2 per 
cent borax (deoxygenated by bubbling nitrogen 
through it) is sucked into the reaction syringe. 
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Apparatus for determination of plasma oxygen. 
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Air bubbles, if any, and approximately 4 ml of 
borax are ejected. One ml of oxygen-free 10 per 
cent ferrous sulphate solution (prepared by boil- 
ing and stored under liquid paraffin) is next 
drawn in and followed by a further 4 ml of borax. 
The contents of the syringe are mixed by rotat- 
ing it. With spacer “B” in position, the threaded 
shaft is turned in a clockwise direction so that 
the contents of the syringe begin to be displaced 
and this movement is continued until 3 ml of 
ferrous hydroxide reagent are left in the reaction 
vessel. At this stage, the adjustable stop “D” is 
locked. The threaded shaft is now turned in an 
anticlockwise direction just sufficiently to allow 
removal of the spacer; it is then turned back in 
a clockwise direction until the stop prevents fur- 
ther movement. The needle attached to the 
reaction vessel is immersed in the specimen of 
plasma and the plunger is withdrawn until it 
meets the end of the threaded shaft. The unit is 
removed from the specimen and the plasma 
remaining in the lumen of the needle is washed 
into the syringe with a little borax solution. The 
plasma is mixed with the ferrous hydroxide by 
rotation of the syringe. Two minutes are allowed 
for the reaction to take place, during which ferric 
hydroxide will be formed, and 2 ml of 20 per 
cent sulphosalicylic acid solution are drawn into 
the syringe. This forms a stable red-coloured 
complex, and precipitates the plasma proteins. 
The contents of the syringe are thoroughly mixed 
and ejected into a 10-ml graduated flask. The 
syringe is washed with 1-ml aliquots of distilled 
water and the washings are added to the gradu- 
ated flask. The volume is adjusted to 10 ml and the 
solution filtered through 2 No. 42 Whatman filter 
paper. The optical density of the filtrate is 
determined in a spectrophotometer at a wave- 
length of 500 millimicrons. Details of this, the 
preparation of the reagents and the calibration 
curve, are described in a previous paper by 
Smith and Pask (1959). 

The volume of the plasma equivalent to the 
spacer is obtained by substituting a standard 
solution of ammonium ferric sulphate and deter- 
mining the ferric iron content by the method 
outlined. In our case, the spacer is equivalent to 
a volume of 1.89 ml at 20°C. 

Oxygen content is expressed in terms of volume 
and is then converted to pressure by calculation. 
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RESULTS 


The results obtained are shown in tables II and III 
and appear to indicate that during anaesthesia, 
with the patient breathing spontaneously or being 
ventilated, there is an increase in the physiological 
right-to-left shunt beyond the upper normal limit 
of 5 per cent. However, the results cannot be 
considered as absolute, as the calculations are 
based on the assumption that the oxygen satura- 
tion of venous blood is 16 volumes per cent in all 
instances. 

The amount of admixture of venous blood, 
expressed as a percentage of the cardiac output, 
has been calculated by the formula given by 
Gordh, Linderholm and Norlander (1958), viz. : 


Qs Cco, Cao, l 
1320 
Pao, Pao, 


or, alternatively, by Comroe (1955)—that with the 
patient breathing pure oxygen, every 2 per cent 
of the cardiac output shunted right to left is 
equivalent to a drop of 35 mm in PAo,-Pao, 
gradient. The symbols are those used by Camp- 
bell (1957). 

It is interesting to compare the figures with 
those obtained by other workers. Gordh, Linder- 
holm and Norlander (1958) observed that in the 
conscious patient and using a polarographic 
technique to estimate Po,, the right-to-left shunt- 
ing was of the order of 10 per cent, and that 24 
hours after operation these values had increased 
up to 19 per cent, depending on the type of 
anaesthesia used. The authors point out that the 
greater degree of shunting observed in patients 
anaesthetized with barbiturates, nitrous oxide, 
suxamethonium, may be accounted for by the fact 
that most of this group were undergoing upper 
abdominal surgery. 

Campbell, Nunn and Peckett (1958) observed 
shunts of up to 10 per cent on spontaneous res- 
piration and 19 per cent where artificial ventila- 
tion was used. Their patients were healthy sub- 
jects undergoing plastic surgery. 

In the group shown in table II, we observed 
shunts between 6.5 per cent and 20.8 per cent, 
mean 16.0 per cent (S.D. 3.6), while in the group 
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Taste Il 
Series of normal patients in operative period. 
Alveolar-arterial 
Arterial oxygen Alveolar oxygen O. tenei diff Shunt as 
Type of operation tension Pao, tension PAo, Pa percentage of 
(mm Hg) (mm Hg) rae Hg). cardiac output 
Aortogram 346 657 311 19.0 
Arteriogram 380 555 175 11.7 
Angiogram 344 $62 218 14.2 
295 535 240 15.4 
280 610 38 20.0 
am 272 620 348 20.8 
Aortogram 350 610 260 16.4 
- 352 568 216 14.1 
Arteriogram 286 602 316 19.3 
a 342 602 260 16.4 
Angiogram 352 606 254 16.1 
is 392 484 92 6.5 
352 602 250 15.9 
286 548 262 16.6 
386 492 106 74 
370 506 136 93 
335 672 337 20.4 
276 645 369 21.8 
a 313 537 224 14.5 
Arteriogram 360 690 330 20.0 
Angiogram 312 544 232 14.9 
309 523 214 14.0 
a 300 647 347 20.8 
Aortogram 388 610 222 14.4 
Mean 332 584 252 16.0 
Standard deviation 38 57 72 4.1 
Taste Ill 
Series of patients undergoing abdominal surgery. 
Alveolar-arterial Shunt as 
Arterial oxygen Alveolar oxygen ; sae 
Type of operation tension Pao, tension PAo. percentage of 
(mm He) (mm Hg) 0, — Pao, cardiac output 
(mm Hg) 
Aortic graft 297 635 338 20.4 
Gastrectomy* 211 574 363 21.6 
Arterial graft 257 $75 318 19.4 
Aortic graft 311 600 289 17.7 
Cholecystectomy 306 700 394 23.0 
Gastrectomy 397 640 243 15.6 
Gastrectomy 303 548 245 15.7 
3 Gastrectomy 445 650 205 13.5 
Hemicolectomy 407 645 238 15.4 
Colectomy Pre-op. 435 610 175 11.7 
Post-op. 352 580 228 14.7 
Gastrectomy. Pre-op. 388 610 222 14.4 
Post-op. 384 625 241 20.4 
Laparotomy. Pre-op. 354 592 238 15.3 
Post-op. 410 598 188 12.4 
Gastrectomy 347 640 293 18.2 
Gastrectomy* 242 630 388 22.7 
Mean 343 615 271 17.1 
Standard deviation 69 35 68 3.6 


*Developed postoperative pulmonary complications. 
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shown in table III, the range was 11.7 - 22 per 
cent, mean 17.1 per cent (S.D. 4.1). 

There does not appear to be any significant 
difference between these groups, although it is 
interesting to note that the two patients who 
developed postoperative pulmonary collapse had 
shunts of 21 per cent and 22.7 per cent respec- 
tively. 

SUMMARY 
An attempt has been made to determine whether 
or not pulmonary collapse occurred during or 
immediately following anaesthesia and upper 
abdominal surgery. The degree of venous admix- 
ture observed in these cases was not significantly 
different from a series of nonabdominal cases. 
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THE SUXAMETHONIUM-PSEUDOCHOLINESTERASE RELATIONSHIP 


BY 


J. C. Stoppart 
Department of Anaesthetics, Royal Victoria Infirmary, Newcastle upon Tyne, England 


THIS investigation was designed to obtain the 
following information: whether there is a relation- 
ship between the consumption of suxamethonium 
given by infusion and the pseudocholinesterase 
level; whether suxamethonium administered by 
infusion over a prolonged period has an anti- 
pseudocholinesterase action; whether conditions 
known to cause a fall in the pseudocholinesterase 
level constitute a contra-indication to the use of 
suxamethonium infusions. 


METHOD 


All except five of the patients were anaesthetized 
by the author. The method of induction of anaes- 
thesia varied but anaesthesia was maintained with 
nitrous oxide 75 per cent and oxygen 25 per cent 
and 0.2 per cent suxamethonium infusion. Bur- 
roughs Wellcome brand of  succinylcholine 
chloride (Anectine) was used in cvery case. Res- 
piration was controlled, using either carbon 
dioxide absorption or a respirator. From time to 
time the infusion was discontinued and respira- 
tory movements allowed to return momentarily, 
to ensure that an overdose of suxamethonium 
was not given. 

Both emergency and routine cases were in- 
cluded in the investigation, and some patients 
were selected because they were expected to have 
a low pseudocholinesterase level. There were 31 
patients in the series, aged from 15 years to 78 
years (mean 56 years) and the operations lasted 
from 20 minutes to 180 minutes (mean 70 
minutes). Blood samples were taken before induc- 
tion of anaesthesia and when the patient was 
breathing satisfactorily after the suxamethonium 
infusion had been discontinued. 

The pseudocholinesterase was estimated by 
Michel’s electrometric method (Michel, 1949), the 
normal range being from 40 to 100 units. The 


total dose of suxamethonium given and its dura- 
tion of action were noted. 


RESULTS 


In this investigation, suxamethonium, when given 
by infusion over prolonged periods, did not have 
an anti-pseudocholinesterase action. The differ- 
ence between the pre-operative and post-suxa- 
methonium pseudocholinesterase levels was in all 
cases within the limits of accuracy of the experi- 
mental method. The relationship between the con- 
sumption of suxamethonium per minute and the 
pseudocholinesterase level (average of the pre- 
operative and post-suxamethonium figures) was 
graphed (fig. 1). From the graph the following 
information was derived. There is a direct relation- 
ship between the pseudocholinesterase level and 
the consumption of suxamethonium, but most 
patients with a low pseudocholinesterase level are 
able to metabolize suxamethonium safely. Two 
patients developed a prolonged apnoea. 


Case No. & (Anaesthetized by E.LT.). Female aged 53 
years, for vagotomy and _ gastro-enterostomy for 
duodenal ulcer with no relevant medical or surgical 
history. Premedication consisted of papaveretum 20 
mg and hyoscine 0.4 mg. Anaesthesia was induced 
with thiopentone 450 mg and suxamethonium 50 mg. 
After intubation, a 0.2 per cent suxamethonium in- 
fusion was commenced. The patient was not allowed 
to breathe after the intubating dose of suxametho- 
nium, nor during the operation, which lasted 70 
minutes during which 750 mg of suxamethonium were 
given. At the end of the operation, the patient was 
apnoeic and flaccid. Inflation with 10 per cent carbon 
dioxide in oxygen, movement of the endotracheal tube, 
and nallorphine § mg intravenously had no effect. 

Thirty minutes after the operation had ended 
biceps and supinator reflexes were elicited, but infla- 
tion with carbon dioxide and tube movement failed 
to bring about the return of breathing or coughing. 
Atropine 0.6 mg followed by neostigmine 1.25 mg also 
had no effect. After 195 minutes the patient was given 
five breaths of 20 per cent carbon dioxide in oxygen 
and immediately started to breathe. Throughout the 
period of apnoea, the patient’s pulse rate and blood 
pressure remained at the pre-operative level. 
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18, 


mgm / min 


Suxomethonium Consumption 


10 40 


Pseudocholinesterase 


60 70 80 


Number 
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The pseudocholinesterase levels were as follows: 
pre-operative 14 units; 1 hour after the operation 
ended, 16 units; when the patient started to breathe, 
14 units. 


Case No. 29 (Anaesthetized by W.M.H.). Male aged 
43 years, for excision of an olecranon bursa, without 
relevant medical or surgical history. In the anaesthetic 
room he was given pethidine 25 mg intramuscularly, 
followed by pethidine 25 mg and atropine 0.6 mg 
intravenously, He was then given thiopentone 500 mg 
slowly and it was intended that anaesthesia should 
be maintained with nitrous oxide, oxygen and tri- 
chloroethylene. However, the patient began to cough, 
so he was given suxamethonium 25 mg following 
which he became apnoeic. When it became obvious 
that he was not going to breathe in the expected time, 
he was intubated and maintained on nitrous oxide 
75 per cent and oxygen 25 per cent with controlled 
respiration. The operation was completed in 20 minutes 
but the patient was still apnoeic. He was given 
nikethamide 5 ml, but without effect. Forty minutes 
after the suxamethonium had been given, diaphrag- 
matic respiration returned, and 20 minutes later, 
normal respiratory movements returned. 

The pseudocholinesterase levels were as follows: 
immediately postoperative, 19 units; the next day, 22 
units. 


Seven of the patients suffered from diseases 
which are known to cause a fall in pseudocholin- 
esterase level but none of these patients developed 
a prolonged apnoea. One patient in this group 
developed a “dual blockade” after being given 
400 mg of suxamethonium in 75 minutes, which 
was manifested by depressed respiration with 
tracheal tug. Atropine 0.6 mg followed by neostig- 
mine 1 mg were given, with the desired effect. It is 
interesting to note that this caused a fall in pseudo- 
cholinesterase of from 25 units to 8 units. 


DISCUSSION 
Prior to beginning this investigation, the author 
anaesthetized an apparently fit woman who 
developed a prolonged apnoea after receiving 
suxamethonium 350 mg in 45 minutes. It was 
assumed that a “dual blockade” had developed, and 
after withdrawing blood for pseudocholinesterase 
estimation, atropine 0.6 mg and edrophonium 
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10 mg was given, with beneficial effect. It was 
subsequently learned that the pseudocholines- 
terase level was 12 units. A similar experience was 
reported by Jowell and Smith (1957). It was then 
considered a possibility that the administrat‘on 
of large doses of suxamethonium over prolonged 
periods could cause a fall in the pseudocholines- 
terase level in a proportion of patients, but that 
this would only be recognized if the patient 
developed a prolonged apnoea. This investigation 
suggests that this is not the case. This finding is 
in agreement with that of Borders et al. (1955), 
who investigated the effect of administering 
suxamethonium 1000 mg over a period of 10 
minutes. 

The inverse relationship between the pseudo- 
cholinesterase level and the duration of action of 
suxamethonium has been investigated by other 
workers, but for single doses of the drug (Evans 
et al., 1952; Hodges and Harkness, 1954). The 
author’s results for suxamethonium given by 
infusion are in agreement with these. 

This investigation reaffirms that it is not always 
possible to predict clinically that a patient will 
have a low pseudocholinesterase level. It is known 
that a low level may be associated with general 
ill-health (Hodges and Harkness, 1954), mal- 
nutrition (Waterlow, 1950; Hutchinson, McCance 
and Widdowson, 1951), axaemia (Scudamore, 
Vorhaus and Kark, 1951), parenchymatous liver 
disease (Vorhaus, Scudamore and Kark, 1950), 
carcinomatosis (Jones and Stadie, 1939), organo- 
phosphorous drugs and therapeutic irradiation 
(Barnard, 1952), oriates, atropine and chlorpro- 
mazine (Kalow and Davies, 1959). 

There were seven patients in this series who, 
for one or more of the above reasons, were ex- 
pected to have a low pseudocholinesterase level 
and they bad in fact, a low normal or subnormal 
level. There were no instances of apnoea in this 
group, although, as can be seen from the graph, 
suxamethonium metabolism was slower than in 
the patients with a high or normal level. 

There were three patients in this series who 
had a subnormal pseudocholinesterase level for 
no apparent reason, and two of these patients 
developed a prolonged apnoea. This suggests 
that patients with an idiopathic low pseudocho- 
linesterase level are more likely to develop a 
prolonged apnoea than are those patients with a 


BRITISH JOURNAL OF ANAESTHESIA 


pathological low pseudocholinesterase level. It 
may be argued that more care was taken with 
patients in the latter group because trouble was 
anticipated, but no patient in this group was 
apnoeic for an abnormally long period after the 
first dose of suxamethonium, whereas one patient 
in the former group was apnoeic for 40 minutes 
after 25 mg of suxamethonium. 

It is known that there are at least two types of 
pseudocholinesterase, which metabolize suxa- 
methonium by different routes (Kalow and Davies, 
1959). It may be postulated that the idiopathic low 
pseudocholinesterase group and the pathological 
low pseudocholinesterase group involve the 
different types of the enzyme, and that this is the 
reason for this last finding. 


SUMMARY 


In the cases under investigation, the duration of 
action of suxamethonium given by infusion was 
inversely proportional to the pseudocholines- 
terase level. Large amounts of suxamethonium 
given over prolonged periods do not appear to 
have an anti-pseudocholinesterase effect. Diseases 
known to cause a fall in the pseudocholinesterase 
level do not constitute a contra-indication to the 
use of suxamethonium infusions, provided 
reasonable care is taken. Idiopathic low pseudo- 
cholinesterase appears to be more likely to be 
associated with prolonged apnoea than is patho- 
logical low pseudocholinesterase. 
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OBSERVATIONS ON SOME CONTINUOUSLY-ACTING SPIROMETERS 


BY 


Peter H. 
Western Hospital, London, S.W.6 


THERE are a number of gas volume meters in 
general use in this country, particularly in the fields 
of respiratory poliomyelitis and of anaesthesia, and 
it was felt that it would be useful to make some 
comparative estimate of their efficiencies. Four 
types were chosen. These were the Monaghan ven- 
tilation meter (formerly known as the “Bennett” 
meter), the Drager volumeter, the Wright res- 
pirometer, and the Parkinson and Cowan meter. 
In each case tests were carried out by passing a 
constant flow of air, measured by a “Rota- 
meter”, through the meter for a timed period. 
The product of flow rate and time was then com- 
pared with the meter reading, and a percentage 
error result derived. This was repeated at various 
flow rates between 4 and 40 |./min and a curve 
of error against flow rate plotted for each meter. 
The resistance or backpressure of each instru- 
ment in millimetres of water was also measured, 
using a micromanometer, at flow rates between 
4 and 100 1./min.The air flow in each case was 
of room air at ambient temperature and humidity 
derived from a centrifugal blower. 


RESULTS 


The Monaghan ventilation meter. 

This operates on the “gear-pump” principle, 
consisting in essence of two cylindrical gears in a 
shaped housing (fig. 6). The air passes in the 
spaces between the interstices of the teeth and the 
housing, turning the rotors in so doing. Since, 
to avoid friction, there must be a clearance 
between the rotors and the housing, this class of 
meter tends to have a negative error at low rates 
of air flow. Curve A, in fig. 1, shows that the 
meter tested had a remarkably good performance, 
with an almost level curve and a maximum 
error of no more than - 2.1 per cent. Figure 4 
shows the back-pressure curve, the resistance at 
100 1./min being 33 mm H,0O (see also table II). 

This instrument was the most accurate of the 
rotary meters tested and was also the most costly. 


An individually calibrated correction chart is 
supplied with each meter, enabling high accuracy 
to be obtained. 


The Drager volumeter. 

This operates in a similar manner to the 
Monaghan except that the rotors have only two 
lobes or teeth each (fig. 6). The makers state that 
accurate results are given only at fairly high flow 
rates and that it is not intended for the metering 
of continuous flows of constant magnitude. Two 
groups of tests were thus carried out, one with 
a steady flow and one with a sinusoidal flow 
pattern. In the latter case the meter was com- 
pared with the corrected readings of a previously 
tested Parkinson and Cowan chamber gas meter 
connected in series. The sine flow was obtained 
from a cam operated bellows with variable ampli- 
tude and a fixed rate of 16 cycles per minute. 
The flow rate figures were mean values taken to 
be twice the total minute volume, for each read- 
ing. Curve A in figure 2 shows the falling 
characteristic at low flow rates, and curve B shows 
the expected improvement with a sinusoidal flow, 
with a reasonably constant error of about +7 
per cent. The response of this instrument varies 
with its position and in these tests, as with those 
of the other meters, it was horizontal with the dial 
uppermost. 

The increased standard deviations in table I 
for curve B are atttributable to the imperfections 
of the method rather than to variation in the 
meter performance. The back-pressure curve is 
shown in figure 4, the reading at 100 1./min 
being 25 mm H,O. Readings at other flow rates 
are shown in table IT. 


The Wright respirometer. 

This instrument works on an anemometer 
principle whereby the air flow enters a cylindri- 
cal housing by way of a series of tangential slots 
and impels a flat rotor vane made of thin 
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Fic. 1 
Accuracy curves of Monaghan ventilation meter and Wright respirometer. 


at 20°C. 77%R.H. 


ERROR percent 


' 
i 


‘ 
> 


o 
= 


10 15 20 25 30 35 40 
FLOW RATE Litres per minute 


[DRAGER VOLUMETER | 


Fic. 2 
Accuracy curves of Driiger volumeter. 
A. Steady air flow. 
B. Sinusoidal air flow. 
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Terylene, the air leaving the meter axially (fig. 
6). The tests were made using a steady air flow 
and the results are displayed in figure 1 (curve 
B). As might be expected, a considerable negative 
error developed at very low flow rates but at 
rates above 10 |./min the accuracy is within the 
range + 7 per cent. Wright has shown that the 
response curve for a sinusoidal flow is sub- 
stantially flat at minute volumes above 10 1./min. 
Figure 4 shows that the back-pressure was the 
lowest of the series. At 100 1./min it measured 
18 mm H,O. Readings obtained using other flow 
rates are shown in table II. 
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The Parkinson and Cowan meter. 

This meter is designed on the same pattern as 
the domestic gas meter, having bellows arranged 
in tandem to ensure continuous delivery, actuat- 
ing the valve gear and the recording dial. Two of 
these meters were tested and the accuracy curves 
are depicted in figure 3, curve A being that of 
a green model and B that of a yellow one. They 
are notable for the fact that no negative error 
develops at the lowest flow rates. This meter is 
not, however, suitable for the measurement of 
isolated small volumes, due to the intermittent 
nature of the mechanism and to a certain amount 


TaBLe 
Percentage errors and standard deviations at various flow rates. 


MONAGHAN VENTILATION METER 


Flow rate 1./min 4.0 7.0 10.0 20.0 30.0 40.0 

error —2.1 —0.29 + 0.17 +0.6 —0.06 — 1.26 
o 0.31 0.35 0.13 0.16 0.10 0.18 
DRAGER VOLUMETER 

A. Linear flow 

Flow rate |./min 4.0 7.0 10.0 20.0 30.0 40.0 

4 error ~ 5.35 + 3.69 + 6.58 + 8.27 + 7.44 + 5.21 
o 0.853 0.409 0.349 0.191 0.17 0.102 
B. Sinusoidal flow 

Mean flow rate |./min 3.59 6.3 10.58 19.42 34.7 

error + 5.88 + 7.7 + 7.53 + 7.79 +6.12 

or O.814 0.52 0.642 0.457 0.302 

WRIGHT RESPIROMETER 

Flow rate |./min 4.0 70 10.0 20.0 30.0 40.0 

error ~39.19 — 16.04 —8.95 — 0.866 + 5.23 + 6.32 
r 0.269 0.229 0.302 0.321 0.268 0.237 
PARKINSON AND COWAN (<A) 

Flow rate |./min 4.0 7.0 10.0 20.0 30.0 40.0 

error + 9.46 + 9.64 + 7.87 + 7.42 + 5.77 + 4.08 
r 1.503 0.872 0.875 0.683 0.663 0.465 
PARKINSON AND COWAN (B) 

Flow rate 1L./min 4.0 7.0 10.0 20.0 30.0 40.0 

error + 2.25 + 1.78 + 0.33 —0.38 —1.81 — 1.69 
r 1.12 0.39 0.407 0.267 0.371 0.233 

TABLE Il 
Back-pressure_ readings. 

MONAGHAN VENTILATION METER 
1./min 10 15 20 30 40 100 
mm H,O 0.75 2.3 3.5 4.65 7.7 10.6 33.0 
DRAGER VOLUMETER 
l./min 4 10 20 eit) 40 100 
mm H.O 03 0.75 1.9 3.5 5.7 25.0 
WRIGHT RESPIROMETER 
1./min 4 10 20 30 40 100 
mm H.O 0.05 0.2 0.8 1.8 3.2 18.0 
PARKINSON AND COWAN B 
1./min 7 10 20 40 100 
mm H,O (mean) 4.0 4.7 5.1 6.0 8.0 20.0 
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OBSERVATIONS ON SOME CONTINUOUSLY-ACTING SPIROMETERS 


[PARKINSON & COWAN METERS| 
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at 19°C. 77%. RH. 


Fic. 3 
Accuracy curves of two Parkinson and Cowan meters. 


of backlash in the linkages. It is, on the other 
hand, evidently able to measure the sum of a 
number of small volumes or to meter a slow flow 
over a period of time with adequate accuracy, as 


|BACK-PRESSURE CURVES] 
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Fic. 4 


Back-pressure curves 


2+26 
a FLOW RATE Litres per minute 
10 15 x 
x 


might be expected of its domestic counterpart. 
It is thus suitable for the measurement of minute 
volumes, if not tidal volumes and small vital 
capacity figures. The back-pressure of this type 
of meter varies at any given flow rate according 
to the stages of the cycle of its mechanism. 
Figure 4 shows a plot of the arithmetic mean of 
the peak and lowest pressures recorded at each 
flow rate and is thus an approximation only. The 
peak pressure is some 35 per cent higher than this 
mean but is present for a short portion of the 
cycle only. The mean back-pressure at 100 |./min 
was 20 mm H,O. Other readings are shown in 
table II. 
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Fic. 5 
Expiratory pneumotachograph record for poliomye- 
litis patient. Volume c. 150 ml. 
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WRIGHT 

NEMOMETER 
MONAGHAN Anemometer DRAGER 
SPIROMETER VOLUMETER 


Fic. 6 
Mechanism of the rotary meters (diagrammatic and not to scale). 


CONCLUSIONS 


It appears from these tests that all these instru- 
ments, if used correctly, will give readings with 
an error not exceeding 9 per cent at flow rates 
between 10 and 40 |./min and that the error is 
not excessive at flows down to 5 1./min or 
lower in some cases. It should be appreciated that 
the readings taken at the lowest flow rates con- 
stitute a very demanding test of these meters, and 
in this connection figure 5 is of some interest. 
This represents a pneumotachograph record of 
a single expiratory effort of about 150 ml made 
by a poliomyelitis patient with respiratory 
paralysis. The volume of air passing at a flow rate 
of less than 5 1./min is represented by the shaded 
areas and amounts to only some 3 per cent of 


the total volume. Thus even a large error in 
metering this fraction would introduce only a 
very small error in the total result. Other tests 
have shown peak expiratory flows of 25 to 50 
l./min for a normal individual breathing quietly 
at rest, 26 1./min for a severely paralyzed polio- 
myelitis patient using a cuirasse respirator and 
120 1./min for a similar patient with a tracheo- 
stomy using a Radcliffe intermittent positive 
pressure respirator. 

All the points on the curves of figures 1 to 3 
represent the mean of six readings. The actual 
percentage figures and the standard deviations 
are presented in table I, part of the scatter being 
attributable to the Rotameter which has an 
intrinsic maximum error of + 2 per cent of its 
reading. 
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OBSERVATIONS ON SOME CONTINUOUSLY-ACTING SPIROMETERS 


The results were reproducible and it ap- 
peared that the error curve was constant for any 
given instrument under the conditions of the test; 
and hence by the application of corrections to 
the readings the accuracy in use could be 
materially increased. 

SUMMARY 
Four continuously-acting spirometers were tested 
for accuracy and for back-pressure at various 
flow rates. The tests and their results are des- 
cribed and shown graphically. 
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TEMPERATURE CHANGES DURING THORACOTOMY IN CHILDREN, 
INFANTS AND THE NEWBORN 


BY 


Victor HERcus 


Adolph Basser Institute of Cardiology, Royal Alexandra Hospital for Children, Sydney; 
Unit of Clinical Investigation, Royal North Shore Hospital, Sydney, Australia 


It has long been taught that thoracotomy is 
associated with a fall in the body temperature and 
it is believed that an open chest loses heat to the 
environment at a rapid rate. The following is 
typical of the usual teaching: “The temperature 
of an animal with an open pneumothorax may fall 
by 3.5 °F in 45 minutes, while if the abdomen 
is opened and the intestines drawn out, the tem- 
perature only falls by 1 F in the same period” 
(Wright, 1952). The inference is that the fall in 
body temperature is due directly to the thoraco- 
tomy. 

During the study of hypothermia and its con- 
trol in cardiac surgery (Cohen and Hercus, 1959) 
no reference was found concerning the normal 
temperature response of children subjected to 
thoracotomy. This fact prompted the present 
study. Further impetus was given when a 2-year- 
old child, during thoracotomy, for ligation of a 
patent ductus arteriosus, was found to have a 
temperature of 101°F, a pulse rate of 190 per 
minute and a systolic blood pressure of 180 mm 
Hg. The child was treated successfully by the 
use of hypotensive drugs and ice packs applied 
to the neck, during and after the operation. 

Throughout the subsequent twelve months all 
children submitted to thoracotomy had a record- 
ing made of their oesophageal temperatures as 
this accurately reflects the blood stream tempera- 
ture (Hercus, Cohen and Bowring, 1959; 
Severinghaus, 1959). The rectal temperature was 
also recorded. 

The observations reported here relate to 
patients submitted to surgery for the cure of 
patent ductus arteriosus, excepting two cases of 
oesophageal atresia. The operations were under- 
taken each Thursday morning. The premedica- 


tion and anaesthesia were the same except in the 
two neonates. The operating theatres were air- 
conditioned and the temperature was approxi- 
mately 70°F. 

Premedication consisted of oral sodium pento- 
barbitone 0.4 grain (24 mg), morphine 1/60 
grain (1 mg), atropine 1/400 grain (0.15 mg), 
per stone body weight up to a maximum of 1} 
grains (90 mg) sodium pentobarbitone and atro- 
pine 1/150 grain (0.4 mg). 

Neonatal infants received no premedication 
and those less than 6 months old received 
atropine only. 

Anaesthesia was induced using intravenous 
thiopentone. For intubation and controlled res- 
piration d-tubocurarine was used. Anaesthesia 
was maintained with a mixture of 60 per cent 
nitrous oxide and 40 per cent oxygen, and was 
supplemented when necessary by small intermit- 
tent doses of cyclopropane. The neonates were 
intubated without anaesthesia and _ respiration 
was controlled using high flow rates of nitrous 
oxide and oxygen, with intermittent cyclopro- 
pane and/or thiopentone in very small doses. 
(The techniques used in this unit at the time of 
writing employ thiopentone, gallamine and halo- 
thane.) 

RESULTS 

The records of the results have been divided into 
three main groups: children from 1 to 7 years 
of age; children under 12 months; a group of 
two neonatal infants subjected to thoracotomy 
for oesophageal atresia during the same evening. 
A further subdivision was made between opera- 
tions which took place in the winter (April to 
September) and the summer (October to March). 

Tables I and II are arranged to demonstrate 
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TEMPERATURE CHANGES DURING THORACOTOMY 


TasBLe I 


Duration of operation and changes in body temperature 


Induction of anaesthesia 


Operation 


commenced 


Chest Ductus 
opened ligated 


Chest 
closed 


Operation 
completed 


Time from induction in 


minutes 14 + 3 26 + 4 53 +9 64 = 10 79 + II 
(Range) (10-+20) (15-+35) (35-75) (40-> 105) (55->115) 
Temperature on induction Subsequent falls in temperature (rises shown +) represent the 
Ocesophagus | “Centigrade difference from initial temperature. 
Summer 36.7 + 0.5 0.11 0.22 0.06 — +0.05 
(35.6—38.1) | (+-0.1--0.3) | (4+0.2-0.7) | (+ 0.5--0.8) | (+-0.3--0.8) | (+0.6--0.8) 
Winter 36.3 +0.45 0.31 048 | 0.54 0.51 0.4 
(35.6 —37.2)| (0-+0.7) (0.1-+1.05j | (0.11.1) | (0.05--1.05)| (+0.4-+1.1) 
Average 36.5 0.22 .38 0.31 0.26 0.19 


Rectum 


Summer 37.1 +0.35 
(36.0 — 37.9) 

Winter 36.6 +0.45 
(35.5 — 37.6) 

Average 36.8 


0.3 0.31 
(0--0.8) | (+0.1-+0.9) 
51 0.72 


0. 
(0.25—1.1) | (0.15->1.25) 
0.45 0.52 


0.35 
(+0.2--0.9) 
0.73 
(0.11.25) 
0.54 


September. 


Taste Il 


30 cases: 15 males and 15 females. Average age 3 years 8 months. Range |—7 years. 
The temperatures of the children on induction of anaesthesia and their subsequent falls (or rises 
shown +) at the time of the various operative procedures are shown by figures representing the 
difference in temperature from that at induction. 
13 cases were operated upon in the summer, October to March, and 17 cases in winter, April to 


Induction of anaesthesia 


Operation 
comme 


Chest Ductus 
opened ligated 


Chest 
closed 


Operation 
completed 


Time from induction in 


minutes 1342 2543 4949 59:9 71414 
(Range) (10-+18) (20-+30) (35--70) (40-+80) 100) 
Temperature on induction | Subsequent falls in temperature represent the difference from 
Oesophagus “Centigrade the initial temperature 
Summer 36.6 0.32 0.8 1.13 1.15 1.25 
(36.2 37.0) | (0.20.6) | (0.71.15) | (0.35-+1.6) | (0.5-+1.6) | (0.41.85) 
Winter 36.5 0.3 0.46 0.9 0.96 0.8 
(35.8 —37.1) | (0.05-+0.45)| (0.1-+0.85) | (0.22.1) | (0.12.35) (0-+2.6) 
Average 36.5 0.31 0.58 1.01 1.05 1.0 


Rectum 


Summer 36.8 
(36.2 — 37.3) 

Winter 36.6 
(36.0 — 37.0) 

Average 36.7 


0.51 
(0.25-+0.7) 


0.21 
(0.05-+0.4) 
0.37 


0.95 1.3 
(0.6->1.2) | (1.0-+1.7) 

0.52 
(0.2-+1.0) | (0352.4) 

0.76 1.2 


1.35 
(1.1-+1.75) 


1.15 
(0.4-+2.45) 
1.25 


1.45 
(1.1-+2.0) 


1.15 
(0.32.7) 
1.3 


summer. 


The duration of operation and changes in the body temperature of infants aged 3 months to 
12 months (average 6.7 months). Eight females and two males; five in winter and five in 
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the average temperatures and their variations 
immediately after the induction of anaesthesia 
followed by their deviations from this at the 
various stages of the operation. The average times 
taken to reach these stages are also shown. Data 
from the oesophageal records are depicted 
graphically in figure 1. The most outstanding 
feature was that the greatest fall in temperature 
occurred between the induction of anaesthesia and 
the opening of the chest. Between the opening 
and the closing of the chest, when the chest was 
exposed to the atmosphere, a longer interval 
than above, there was a reduced gradient of tem- 
perature fall in all cases. At no time was it 
demonstrated that the act of thoracotomy 
increased the rate of fall in body temperature. 

It was observed that children from 1 to 7 years 
of age (table I, fig. 1) in the summer had a slight 


SUMMER 
~ 
x»~ 
~ 
™ aff 
as 
WINTER 
8 c E F 


CHILDREN 1-7 YRS 
UNDER IYR. 


35+ 


20 40 60 8d 
TIME IN MINUTES. 


FIG. 


Illustrates the average oesophageal temperature records 
of 40 children operated on for patent ductus arteri- 
osus, A, B. C, D, E, and F represent the average 
times taken to reach the various stages of the opera- 
tion and are, respectively, induction of anaesthesia, 
commencement of operation, opening the chest, liga- 
tion of ductus, closure of chest and completion of 
the operation. 
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average rise in temperature at the end of opera- 
tion and during the winter months the average 
fall in temperature was only 0.54°C. The 
maximum fall in temperature in any one case was 
0.8°C in the summer and 1.1°C in the winter. 

Infants under 1 year of age (table II and 
fig. 1) showed a greater and more rapid fall in 
temperature. The greater fall in temperature in 
summer than in winter was due possibly to 
greater care being taken and to the avoidance of too 
much exposure during the winter. It was also a 
reflection on the effectiveness of the summer 
air-conditioning. Precipitous falls in body tem- 
perature did not occur in this group, although 
many of them were in cardiac failure and in poor 
general condition. 

Table III shows the maximum average fall in 
temperature in the first two groups and the 
average time for this to develop following the 
induction of anaesthesia. This demonstrated a 
greater overall fall in temperature in winter than 
in summer and that the lowest point was reached 
later in the operation in winter than in summer. 

In some children the temperature continued 
to fall throughout the whole operation but invari- 
ably the rate of fall lessened as the operation pro- 
gressed. During February, which is the hottest 


Taste Ill 
Maximum falls in temperature and time after induction 
of anaesthesia. 
Average 
time 
Maximum after 
fall Range induction Range 
Cc (min) (min) 
Ages 1—7 years 
Ocsophagus 
Summer 0.4 25 
Winter 0.72 0.3-+1.15 47 20--80 
Average 0.6 38 
Rectum 
Summer 0.55 0--0.9 41 0--60 
Winter 0.82 0.4-+1.3 54 25-+70 
Average 0.68 48 
Age 3 months—1I year 
Ocesophagus 
Summer 1.3 0.75-+1.85 49 25->65 
Winter 1.0 0.2-+2.4 56 30-90 
Average 1.16 53 
Rectum 
Summer 1.4 1.1-+2.0 56 50-65 
Winter 1.2 0.35-+2.7 65 30-+90 
Average 1.3 60 


2 
t 
| 
= 


TEMPERATURE CHANGES DURING THORACOTOMY 479 


month, there were four patients in whom no 
fall in temperature was observed. In two of these 
the rise in temperature was of no consequence 
but two others required crushed ice, which whe2 
placed in plastic bags around the neck gave a 
rapid and satisfactory cooling response. 

The greatest degree and rate of cooling occur- 
red as a result of anaesthesia and muscle re- 
laxation sufficient to allow intubation and con- 
trolled respiration, followed by exposure of the 
patient while the skin preparation and position- 
ing was in progress. The act of thoracotomy did 
not appear to influence the rate of cooling. 

Neonatal infants have poor powers of heat regu- 
lation and this is clearly shown in figure 2. On 
this occasion two infants with oesophageal atresia, 
both in good condition, were anaesthetized, one 
after the other in the same operating theatre, 
using an identical technique. In the first patient 
(Case B) no extra warmth was provided. The 


TEMPERATURE CHANGES DURING 
THORACOTOMY IN THE NEWBORN 


\ CHEST CLOSED 


CASE A 


WARM BLANKET 
UNDER BABY 


+ CHEST OPENED 


TEMPERATURE 


CENT 


OEG 


+ CHEST CLOSED 


CHEST OPENED 


TEMPERATURE 


« CASE 8B 
NO WARM GLANKET 
2 3 4 
IN HOURS 


Fic. 2 


The effect of a warm electric thermostatically con- 
trolled blanket under a newborn infant is demon- 
strated. The theatre temperature was 73°F, yet case B 
showed a typical response to exposure and operation. 
Case A maintained its body temperature well because 
of the warm blanket. The operations followed each 
other in the same theatre and were for oesophageal 
atresia, Both babies were in good condition. 


operating theatre temperature was 73°F and 
working conditions were very pleasant, but a 
precipitous fall in temperature ensued. An 
electrically warmed blanket was placed under 
the second oaby on the operating table and the 
beneficial effect was obvious (Case A). Under 
anaesthesia newborn infants are unable to regulate 
their body temperature and when exposed they 
rapidly tend to assume the temperature of the 
environment. In Case B the temperature fell to 
nearly 33°C (much greater falls have been 
observed). How much more would it have fallen 
in a theatre which was not air-conditioned? A 
baby’s temperature can easily be maintained by 
placing under it a thermostatically controlled 
electric blanket or a plastic blanket with water 
circulating through it (McLelland, 1960) at the 
required temperature. It is now routine practice 
to place such a blanket under all neonatal cases at 
operation. 


DISCUSSION 


The importance of muscle tone in relation to 
hypothermia has been emphasized by Bigelow, 
Lindsay and Greenwood (1950), Delorme (1955), 
Swan (1956), Virtue (1959) and others. It has 
been observed that if the rate of cooling during 
hypothermia (Cohen and Hercus, 1959) is inade- 
quate, a small dose of muscle relaxant can rapidly 
increase this gradient. Muscle tone or muscle 
activity is directly related to heat production and 
is an important factor in the interpretation of the 
fall in temperature at operation. Relaxation was 
greatest in this series when the patient was in- 
tubated, after which no relaxant drugs were given. 
Anaesthesia at this stage was also more profound 
than later, hence as the effect of the relaxants 
wore off and the anaesthesia lightened the patient’s 
temperature control became increasingly effec- 
tive. The younger the child the more poorly 
developed is its muscle tone. This is particularly 
apparent in the newborn. 

Muscle tone is only one factor in explaining 
the increased rate of heat loss in infants and has 
been emphasized because it is often overlooked 
in favour of the increased surface area to weight 
ratio that exists in the smaller child. Since all 
anaesthetic agents produce peripheral vasodila- 
tation, this factor must also be given due recogni- 
tion in relation to the initial heat loss that has 
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been found during the early period of the opera- 
tion and at this stage it may be equally as 
important as the factor of muscle tone. 


CONCLUSIONS 


Observations of oesophageal temperature changes 
in 42 children undergoing operation involving 
thoracotomy. 

Thoracotomy, by itself, did not result in an 
increased rate of fall in body temperature. 

Anaesthesia and muscle relaxants followed by 
exposure, skin preparation and positioning on the 
theatre table, caused a greater fall in body tem- 
perature than did the act of thoracotomy and an 
open chest. 

Younger children with lower muscle tone 
showed a greater fall in body temperature. 

Two neonatal infants were found to be unable 
to control their body temperature under anaes- 
thesia and needed external warmth during opera- 
tion for protection against catastrophic heat loss. 

Children between three months and one year 
of age were able to maintain their body tempera- 
ture satisfactorily during thoracotomy, although 
not so readily as children 1-7 years of age. 
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A COMBINATION 


OF ANALGESIC AND ANTAGONIST 


IN POSTOPERATIVE PAIN 
BY 


G. Hossti AND G. BERGMANN 
The Department of Anaesthesia, Umiversitatsklinik, Ziirich, Switzerland 


Clinicians often hesitate to give adequate doses of 
narcotic analgesics such as morphine and pethi- 
dine because these compounds are known to have 
a marked respiratory depressant effect. As a result 
there has been considerable interest in the possi- 
bility of combining a dose of one of these anal- 
gesics with a small quantity of one of the specific 
narcotic antagonists. The latter substances are 
known to exert a much greater antagonism to the 
respiratory depressant effect than to the analgesic 
action of the narcotics. 

When deciding on such a combination the first 
prerequisite is that the antagonist should have 
few undesirable effects of its own and the second 
is that the antagonist and the analgesic should 
have approximately the same length of action. 

Although the narcotic antagonists nalorphine 
and levallorphan themselves possess slight respi- 
ratory depressant activity, this is insignificant in 
the doses in which they are used clinically. 
Levallorphan was chosen for clinical trial because, 
even in large doses such as are rarely used in 
therapy, it is tolerated without undesirable side 
effects by both conscious and unconscious patients 
(Swerdlow, 1958). Pethidine was selected as the 
analgesic most likely to have a suitable length of 
action for combination with levallorphan. 

Having decided on the combination of drugs 
we set out to establish whether, using the two 
drugs together in suitable proportions, the 
presence of the antagonist influences the 
following : 

the respiratory depressant effect of pethidine; 

the analgesic activity; 

the incidence of side effects. 

Accordingly, the following studies were carried 
out. 


Influence on Respiratory Depression 


In order to study the influence of levallorphan on 
the respiratory depressant effect of pethidine, it 


was necessary first to establish the optimal pro- 
portions of the two drugs. Accordingly preli- 
minary tests were carried out in 25 individuals 
who were about to undergo surgical operations. 
The patients were premedicated with a barbi- 
turate and atropine (0.25-0.5 mg), pethidine- 
like drugs being deliberately avoided. Anaesthesia 
was induced with thiopentone. The patient was 
intubated after relaxation had been achieved with 
suxamethonium and anaesthesia was maintained 
with nitrous oxide and oxygen. When breathing 
had become regular and tranquil, an intravenous 
dose of pethidine 1-2 mg/kg was given, accom- 
panied by, or followed by, a dose of levallorphan. 
Various ratios between 80:1 and 35:1 were 
studied. After this the respiratory rate and minute 
volume were measured at intervals. It was found 
that the ratio of pethidine to levallorphan of 80: 1 
had no greater respiratory depressant effect than 
the ratio of 35:1 and as a result the 80:1 ratio 
was chosen for the main test. 

For this test two groups, each of 15 patients, 
were studied under accurately standardized con- 
ditions and the results have been reported in 
detail elsewhere (Hossli and Bergmann, 1959). In 
brief, the patients were anaesthetized as described 
above and, when breathing had become regular, 
each patient was given an intravenous injection of 
pethidine 1 mg/kg alone or combined with leval- 
lorphan in the ratio of 80:1. The respiratory rate 
and minute volume were measured every minute 
for 20 minutes, and figure 1 shows our findings. 
Statistical analysis of the figures for the respira- 
tory rate, minute volume and alveolar ventilation 
at 2, 3, 6, 12 and 20 minutes after giving the 
pethidine or pethidine plus levallorphan showed 
that, compared with the initial readings, all these 
figures were reduced more by pethidine than by 
pethidine with levallorphan. The difference was 
statistically significant on all occasions except for 


481 


nt 
: 
i 
4 
wes 
| 


482 
R 
100 ESPIRATORY RATE 
| 

© 1004 MINUTE VOLUME 
| 
100 | ALVEOLAR VENTILATION 
50 
' 


MINUTES 2 4 6 8 10 12 14 16 18 20 22 


§=PETHIDINE + LEVALLORPHAN 
PETHIDINE 


Fic. | 


readings for minute volume and alveolar ventila- 
tion at 12 minutes. 

It was thus shown that pethidine with levallor- 
phan in the proportion of 80:1 causes signi- 
ficantly less respiratory depression than does 
pethidine alone. 


Effect on the Analgesic Activity 


In order to compare the analgesic activity of 
pethidine with that of pethidine plus levallorphan 
a double blind control study was carried out in 96 
individuals who needed a narcotic analgesic for 
the relief of postoperative pain. Sixty-four of 
these patients had undergone major thoracic or 
abdominal operations, 4 had had minor abdom- 
inal operations (appendicectomy or laparotomy) 
and the remaining 28 had undergone operation 
for hernia, sympathectomy, mastectomy or opera- 
tions on the limbs. A dose containing 50, 75 or 
100 mg of pethidine, alone or with levallorphan 
(ratio 80:1), was given according to the patient’s 
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need. Ampoules were labelled with code numbers 
in order that the trial should be blind to all 
concerned in it. 

Before the administration of any analgesic the 
severity of the pain was recorded, based on the 
patient’s own statement and also on the impres- 
sion of the observer, using the following scheme: 
no pain 0; mild pain 1; moderate pain 2; severe 
pain 3; intolerable pain 4. 

After the injection the severity of the pain was 
recorded by the same method at 30-minute inter- 
vals for a period of 4 hours. A calculation was 
made at each half-hourly period of the difference 
between the score for pain at that moment and 
the score for the initial pain. The sum-total of 
these differences was taken to be the figure repre- 
senting the “total analgesic activity” of a single 
dose of the drug concerned. 

If it was necessary to give additional doses to 
the same patient, then ampoules with the same 
code number were used throughout. The sizes of 
additional doses were adjusted, if necessary, to the 
patient’s response and a repeat dose of analgesic 
was given only if the effect of the previous dose 
had worn off. 

It would have been desirable to have had all 
the observations carried out by the same indiv- 
idual. However, as this was not possible, care was 
taken to ensure that the same observer made all 
the observations in a given patient over the whole 
4hour period. 


Results. 

In total, 219 doses of analgesic were given. On 
breaking the code, it was found that 49 patients 
had been given a total of 154 injections of pethi- 
dine plus levallorphan. The content of pethidine 
was 50 mg on 65 occasions, 75 mg on 43 occa- 
sions and 100 mg on 46 occasions. The other 
group, given pethidine alone, comprised 47 
patients who had been given a total of 137 injec- 
tions; the dose was 50 mg on 51 occasions, 75 mg 
on 52 occasions and 100 mg on 34 occasions. The 
number of doses given to single individuals varied 
from one to seven, the average being 3.1 in the 
pethidine with levallorphan group and 2.9 in the 
pethidine group. 

In the pethidine with levallorphan group the 
patient’s ages varied between 19 and 73 years 
(average 47). Their weight varied between 40 and 
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92 kg (average 65.2). In the pethidine group, the 
figures were: age between 20 and 79 years (aver- 
age 49) and weight between 45 and 97 kg (average 
68.8). As regards the types of operation, the dis- 
tribution was similar in the two groups. 

In occasional patients it was necessary to inter- 
rupt the observations before the end of the 4-hour 
period for reasons unconnected with the trial. In 
these patients the pain had not returned to its 
initial severity at the time when the readings were 
interrupted. In order not to reduce too much the 
numbers in each group by omitting these incom- 
plete observations we have also included in the 
average figures for “analgesic activity” readings 
taken at 34 and 3 hours. 

In addition, on the very few occasions in which 
a half-hourly reading was omitted we took for the 
calculation the lower of the two figures on each 
side of the missed reading. 

Table I shows the findings in the three sub- 
groups, after 50-mg, 75-mg and 100-mg doses of 
pethidine with or without levallorphan, as well as 
the number of injections given at each dose level. 
As can be seen from this table, the figures show 
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Taste I 


Mean figures for the “analgesic activity” of a single dose of pethidine 
or pethidine with levallorphan. 
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that there is extraordinarily good agreement in all 
three groups as regards the average analgesic 
activity of a single dose of pethidine or pethidine 
with levallorphan after 3, 34 and 4 hours. It can 
also be seen that the average figures for the anal- 
gesic effect of a dose increased with the time 
(that is with the number of observations), and 
that in general larger doses gave better analgesia 
than smaller doses. 

Statistical analysis of these figures, using the 
t-test, showed that at the three dose levels there 
was no significant difference between the average 
analgesic activity of pethidine and that of pethi- 
dine with levallorphan. 

On the basis of these findings it can be con- 
cluded that the addition of the narcotic antagonist 
levallorphan to pethidine in the above proportion 
does not interfere with the analgesic activity of 
the pethidine. 

Influence on the Incidence of Side Effects 
As regards the general clinical use of the combin- 


ation of pethidine with levallorphan an important 
question is raised. Does the antagonist prevent not 


pethidi 


50 mg 


ne 


100 mg 


75 mg 
pethidine 


pethidine 


A 


(hours) 


Pethidine 3 13.3 15.1 34 
34 146 47 14.7 49 17.1 33 
4 148 37 16.1 41 18.5 29 
; Pethidine + 3 13.5 65 13.2 43 144 4 
levallorphan 34 15.0 146 41 16.0 44 
| 4 16.4 49 158 40 176 38 


n=number of injections. 


Taste Il 
Incidence of side effects after pethidine and pethidine with levallorphan. 


A=average analgesic activity of a single dose. 


Nature of side effects 


Total Totalno. ‘*Patients 
no.of of injec- with side- Nausea Vomiting Sweating 
patients tions effects 


P n P on P n 


Pethidine 51 162 15* i & a 2 3 
Pethidine + 
levallorphan 53 171 16* 10 «#15 4 4 6 8 


P=number of patients. 
n=number of injections. 


(* Some patients experienced more than one side effect.) 
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only respiratory depression but also other undes- 
irable effects of pethidine, especially nausea and 
vomiting? In our study in postoperative patients 
we recorded the presence or absence of nausea 
and vomiting and, as far as possible, other side 
effects that might have been associated with 
medication. Some additional patients were 
included who could not be used for assessment of 
the analgesic effect. 

Table II shows the incidence of nausea, vomit- 
ing and excessive sweating in the two groups. A 
breakdown into three dose levels is omitted, as it 
was not possible to show that there was a relation- 
ship between the presence of such side effects and 
the size of the dose. It was found that the incid- 
ence of nausea was the same in the two groups. 
Vomiting was somewhat less common in the 
pethidine with levallorphan group, whilst exces- 
sive sweating was rather more frequent. However, 
these differences were not statistically significant. 

No other significant side effects were observed. 
In the pethidine with levallorphan group each of 
the following were observed on one occasion: 
restlessness, tachycardia, arrhythmia, vertigo, pal- 
pitations and flushing. In two patients in the 
pethidine series there was a considerable rise of 
blood pressure (possibly a result of hypoventila- 
tion). 


DISCUSSION 
The results of our previous investigation confirmed 
the protective effect of levallorphan against the 
respiratory depressant effect of pethidine. 

The study in postoperative pain showed that, 
in the dose ratio of 80:1, the analgesic effect of 
pethidine on postoperative pain is not reduced by 
levallorphan. As regards the incidence of side 
effects other than respiratory depression, this was 
similar in the two groups. Although we found 
that the incidence of vomiting after pethidine 
with levallorphan was somewhat reduced and 
excessive sweating was slightly increased, the dif- 
ferences were not statistically significant. 

When using pethidine the addition of a small 
dose of levallorphan provides a greater margin of 
safety and permits the administration of adequate 
doses without the fear of inducing serious respira- 
tory depression. The following two cases which 
occurred fairly recently in our clinic illustrate the 
fact that severe respiratory depression may occur 
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even when using pethidine in the usual 
therapeutic doses. 

_A woman, aged 39 years, had been admitted to hos- 
pital for an operation. Some hours after the operation 
she was found to be unconscious, cyanosed and with 
dilated pupils; spontaneous respiration was absent. 
Oxygen was applied immediately and an endotracheal 
tube was passed. Ten minutes later, regular spon- 
taneous respiration had returned and after 4 hours 
the patient had recovered completely. Later it was dis- 
covered that because of postoperative pain she had 
been given an intramuscular injection of pethidine 100 
mg about 30 minutes before the above incident 


occurred, 


A man, aged 73 years, with emphysema had been 
sudjected to prostatectomy. During the night the 
patient was erroneously given pethidine 100 mg intra- 
venously instead of Novalgin. The physician, who was 
called immediately, observed that the patient had 
slow, gasping respiration, was unconscious and had 
constricted pupils (the clinical appearances seen in 
morphine poisoning), Oxygen was administered and 
an endotracheal tube was passed. However, it was 
necessary to administer levallorphan 2 mg_ before 
spontaneous respiration improved and the reflexes 
returned. One hour later the patient was again 


conscious. 

These two experiences confirm the fact that 
there is variation in individual sensitivity to res- 
piratory depressant substances and that even 
therapeutic doses can cause serious complications. 
Without rapid medical assistance the apnoea 
might well have resulted in death, or at least in 
severe hypoxic damage. 


SUMMARY 


The authors describe a series of studies designed 
to establish whether the addition of a small quan- 
tity of the narcotic antagonist levallorphan 
reduces the respiratory depressant action of pethi- 
dine. They also investigated the effect on 
analgesic activity and on the incidence of side 
effects. 

The study of respiratory depression was carried 
out in two groups of anaesthetized patients. When 
anaesthesia was established each patient was given 
a dose of pethidine 1 mg/kg alone or mixed with 
levallorphan in the proportion of 80:1. The 
results showed that there was a statistically signi- 
ficantly smaller reduction of the respiratory rate, 
minute volume and alveolar ventilation in the 
pethidine plus levallorphan group. 

To investigate the analgesic activity two groups 
of patients with postoperative pain were treated 
in a blind control study with either pethidine or 
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pethidine with levallorphan in the above propor- 
tion. It was found that the average analgesic acti- 
vity was almost the same with the two types of 
treatment. The incidence of side effects between 
the two groups was insignificantly different. 
The authors conclude that the addition of leval- 
lorphan in the above proportion gives almost 
complete protection against the respiratory 
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depressant effect of pethidine without diminishing 
the analgesic effect and without increasing the 
incidence of side effects. 
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FILM REVIEW 


“THAT THEY MAY LIVE” 


This film is excellent not only from the teaching 
point of view but also in its presentation and pro- 
duction It is dramatic and holds the interest of 
the viewers throughout. There is a tendency to 
react against the presentation of medical tech- 
niques which picture teaching accompanied by all 
the trappings commonly employed by the com- 
mercial film industry. For example, music and the 
employment of over-dramatic situations some- 
times detract from useful teaching films. Never- 
theless these are so skilfully employed in the 
production under review that they positively add 
to the teaching value of the film. 

The film shows the experiences of a newspaper 
reporter who visits the University of Saskat- 
chewan Hospital with the intention of writing up 
modern methods of artificial respiration. He sees 
a demonstration of mouth-to-mouth resuscitation 
carried out on a paralyzed subject and its efficacy 
contrasted with that of the more usual methods 
available to the first-aid workers. He sees a class 
being instructed in the technique with the aid of 
a wooden “air passage demonstrator” and an 


excellent “manikin”. The direct mouth-to-mouth 
method is shown and also the more hygienic use 
of the Brook Airway. The reporter is then shown 
a film demonstrating “action shots” of a variety 
of accidents: a car collision; a drowning incident; 
a child trapped in an abandoned icebox; an infant 
suffocated by a plastic bag; an electrocution 
occurring at the top of a pylon; a choking scene 
in a restaurant; all of these being dealt with by 
members of the general public by mouth-to- 
mouth resuscitation. Finally, the reporter himself 
on leaving the hospital visits a fun-fair and is 
called upon to use the technique in the resuscita- 
tion of a case of electrocution. 

This is quite the best film of its type that the 
reviewer has seen and should be in wide demand 
for showing to undergraduates, nurses, ambulance 
personnel and first-aid workers. 

This film is available from Messrs. Smith and 
Nephew Ltd., Bessemer Road, Welwyn Garden 
City, Herts, who also supply the airway passage 
demonstrator and the Brook Airway. 

Cecil Gray 
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THE USE OF SUCTION IN CLINICAL MEDICINE 


BY 


M. Rosen AnD E. K. HILLarD 
Department of Anaesthetics, Cardiff, S. Wales 


SUCTION is widely used in clinical practice. In the 
past, a great deal of interest has been shown in 
methods of producing suction, many involving 
ingenious principles (Brodie, 1941; Aitken, 1949; 
Carr, 1949). Yet the criteria by which the most 
suitable apparatus for a particular purpose is 
judged seem to have received surprisingly little 
attention. Nor have the factors governing the 
most satisfactory use of an apparatus always been 
clearly understood. Many suckers are available 
commercially, but it is not always easy to trans- 
late the data supplied by the manufacturer into 
terms readily understood by the clinician. 

The size of the connecting tubing and suction 
catheters and the physical characteristics of the 
fluid to be aspirated greatly influence the per- 
formance of a sucker, and limitations imposed by 
these may far overshadow any supposed defici- 
encies in the sucker mechanism. 

Each clinical situation presents physical 
problems that have to be solved. In doing so, care 
must be taken to see that harm to the patient both 
from trauma due to the sucker-end and from sub- 
atmospheric pressure does not result. 

In this paper the physical phenomena, the 
clinical uses and the dangers of suction are re- 
viewed in the light of theory, experiment, and 
experience. 

PHYSICAL CONSIDERATIONS 
Factors affecting Flow through Tubes 

Suction is the flow created by lowering the pres- 
sure at one end of a tube. If the other end is 
open to the atmosphere, then the greatest pres- 
sure difference that can be produced is one atmos- 
phere. By convention, pressures lower than 
atmospheric are called “negative”. 

The factors influencing flow in smooth tubes 
have been described (Macintosh, Mushin and 
Epstein, 1958). These can be summarized for 
any tube as follows: 


1. (@) Flow z Pressure difference between the 
ends of the tube. 

This relationship holds when the flow is laminar, 

but when turbulence appears it must be modified 


to 
(b) Flow z ¥ Pressure difference 


These factors are illustrated in figure 1. When 
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The relationship between the flow of air along a tube 

open at one end, and the negative pressure at the 

other (determined experimentally). The dotted line 

shows the theoretical flow of air through the same 
tube if turbulence had not occurred. 


flow is turbulent the increase of flow produced 
by an increase of pressure difference is much less 
than when flow is laminar. 


2. Flow 
Resistance 


The resistance of the tube depends on the dia- 
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The relationship between the flow of air along three 

tubes of the same length, but of different bores, and 

the negative pressure (determined experimentally). The 

flow in these experiments was turbulent and therefore 

the diameter is somewhat less important than in the 
case of laminar flow. 


meter and length of the tube. It is also affected, 
in the case of laminar flow, by the viscosity, and 
in the case of turbulent flow, by the density, of 
the fluid flowing through the tube. 

Whether the flow is laminar or turbulent, the 
most important factor determining flow through 
a tube is the diameter. In the case of laminar 
flow it is directly proportional to the fourth power 
of the diameter. The practical implication of this 
is that if a great increase in flow is wanted it 
can more easily be accomplished by increasing 
the bore of a tube (fig. 2) than either by shorten- 
ing its length (fig. 3) or by increasing the negative 
pressure applied to the tube. 

For a given tube and the same applied nega- 
tive pressure the difference in flow of fluids of 
different characteristics may be striking (fig. 4). 


Suction Apparatus 
Effects of resistance. 
A suction apparatus produces a negative pres- 
sure which overcomes a resistance and induces 
a flow. The manner in which it performs this 
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The relationship between the flow of air along two 
tubes of the same bore, but of different lengths, and 
the negative pressure (determined experimentally). 
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(determined experimentally). 
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The relationship between the flow of air and the 
negative pressure at the intake of a suction apparatus 
as the intake is occluded. 


task is a characteristic of the particular appara- 
tus. It may be studied by adding resistance to 
the intake* of the apparatus,t and observing 
the effect on the air flow and the negative pres- 
sure at the intake. A negative-pressure gauge is 
placed at the intake of the apparatus. If no 
resistance is added, the flow will be at its maxi- 
mum and there will be no reading on the gauge. 
As the intake is gradually occluded the negative 
pressure increases and the flow decreases until, 
when the intake is completely closed, there is no 
flow and the pressure in the apparatus is at its 
most negative. These results approximate to a 
straight line (fig. 5). The actual figures for the 
free air flowt and the maximum negative pres- 
sure vary with the apparatus. 

The line of figure 5 joins all the possible 
combinations of negative pressure and flow at the 
intake for a particular apparatus. The line for 
“air” in figure 4, joins all the possible combina- 


*The intake is defined as the point at which fluid 
is drawn into the suction apparatus. 

+The term “apparatus” indicates a complete suction 
machine including any bottles and tubing. 

tFree air flow is the maximum flow of air into the 
apparatus with no restriction at the intake. 
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The flow of air Fa and the negative pressure Pa 

developed at the intake of the apparatus when the 

tube OA is attached, Fw is the flow and Pw the nega- 

tive pressure developed when water flows through the 
same tube instead of air. 


tions of negative pressure applied to a particu- 
lar tube and the flow of air through it. If, there- 
fore, this tube which supplied the data for figure 
4 is connected to the apparatus in figure 5, then 
the flow through the tube must be the flow into 
the apparatus and the negative pressure applied 
to the tube must be the negative pressure at the 
intake. This condition is satisfied at the point X 
on figure 6 where the two lines representing the 
characteristics of the tube and the apparatus 
intersect. The resistance of this tube would be 
different if a fluid of different physical properties, 
such as water were substituted. The complete 
apparatus would then operate at the point W 
(fig. 6). 

When a length of tube is added to a suction 
apparatus a resistance is added. Through this new 
intake there is a new flow which is now the free 
air flow of the modified apparatus. The maximum 
negative pressure that the apparatus can develop 
is unchanged. 

Each additional length of tubing and its con- 
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nections adds resistance, cuts down flow, and thus 
continues to alter the characteristics of the appara- 
tus (fig. 7). 


The free air flow of the apparatus. 

The clinician sometimes wants to remove a 
fluid such as blood very quickly and a removal 
rate of about 8 |./min (1 pint in 4 sec) is needed 
to cover the likely clinical requirements. 

In figure 8, OA represents the characteristics 
of a tube which allows a maximum flow of blood 
of 8 1./min for a maximum pressure drop (1 
atmosphere) across the tube. To obtain this 
maximum pressure drop an apparatus PF with an 
infinite free air flow would be required. Even to 
approach this performance a large and expensive 
apparatus would be required; in practice a com- 
promise must be struck. If an apparatus PFa is 
attached to the tube then the flow of blood 
through the tube OA would be FT, say half the 
maximum flow. If another apparatus PFs is now 
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PF is the characteristic of a suction apparatus, OA 
is the characteristic of a tube added to the intake. 
PF, is now the new characteristic of the complete 
apparatus. The apparatus PF has a flow of 40 L/min 
and develops a negative pressure of 27 in. Hg. The 
tube OA has a bore of 2.5 mm and is 30 cm long. 
When it is attached to the apparatus the maximum 
flow is now 25 1./min but the maximum pressure that 
can be developed is still 27 in, Hg. 
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When the machines with characteristics PF (—30 in. 

Hg. infinite flow), (—3@ in. Hg, 25 lL.min), 

PFa (—30 in, Hg, 8 L/min) are attached to the tube 

OA the flows of blood through it are Fx (8 1./min), 
Fn (6 |./min) and Fr (4 |./min), respectively. 


attached to the tube then the new flow through 
the tube would be FN, say three-quarters of the 
maximum flow. It can be seen that to increase 
the flow in the tube to more than three-quarters 
of the maximum would require a considerable 
increase in the size of the apparatus. 

From the point of view of achieving a blood 
removal rate of 8 1./min, therefore, a free air flow 
of 25-30 1./min will give nearly as good a per- 
formance as possible. The influence of the volume 
of the apparatus will be discussed later. 


Negative pressure developed by the apparatus. 

The greater the negative pressure developed by 
the apparatus the greater will be the flow through 
any tube. However, because of turbulence (vide 
supra), negative pressures of more than 25 in. 
Hg (64 cm Hg) are not useful enough to warrant 
the high precision necessary for construction of 
the apparatus. 

A negative pressure of about 25 in. Hg is of 
most value in removing very viscous material. If 
a greater flow is required than can be obtained 
with this pressure then it is easier and more 
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effective to increase the diameter of the tubing 
or catheter, if this is possible, than to increase the 
pressure difference. 


The time taken to develop the negative pressure. 

Flow is rarely continuous in clinical practice. 
Usually suction is intermittent, as, for example, 
when aspirating blood from an oozing surgical 
wound. The removal of blood must be rapid if 
it is to be satisfactory. 

Air alone flows through the circuit until the 
sucker tip is put into the blood. The flow of air 
then falls, the negative pressure develops, and 
the flow of blood increases to a level determined 
by the pressure and flow characteristics of the 
suction apparatus and the physical characteristics 
of blood (fig. 9). 

The average pressure in the system during the 
period of suction determines the volume of fluid 
removed. Therefore, the more rapid the increase 
in negative pressure, the greater is this volume. 
If the time taken for the negative pressure to 
develop is prolonged, then large volumes cannot 
be removed in short periods. Only when the 
catheter has a high resistance to air flow, and 
therefore the negative pressure in the system is 
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A diagrammatic representation of the time taken for 

the flow of air into the apparatus to fall, and the 

flow of blood into the bottle to increase, after suction 
is commenced. 
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The rate of increase of negative pressure in a suction 
apparatus when the intake is closed. (Experimental 
figures.) 


already well developed, is this factor less im- 
portant. 

If resistance is increased, for example by occlu- 
sion or by the aspiration of a viscous fluid, some of 
the air contained within the system is withdrawn 
by the apparatus and the negative pressure in- 
creases. The time that the negative pressure takes 
to develop depends on the volume of air in the 
system, the rate at which it is removed and the 
maximum negative pressure that the apparatus 
can produce. The circuit is evacuated against a 
continually increasing negative pressure. The rate 
of increase of negative pressure gradually 
becomes slower and slower. Theory shows this 
to be exponential and this has been confirmed 
by experiment (fig. 10). The “time constant” of 
an exponential curve is the time at which the final 
level would be reached if the initial rate of 
change were maintained (fig. 11). 

If an air flow F is maintained throughout the 
total evacuation of an apparatus with a volume 
V then a perfect vacuum would be reached in 


a time 7 which would be the time constant. If 
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The “time constant” of an exponential curve is the 
time that would be taken for maximum negative 
pressure A to be reached if the initial rate of change 
OB were maintained. OX is the time constant. 


the ultimate pressure developed by an apparatus 
is not a perfect vacuum but only a negative pres- 
sure P, and if the initial flow rate F is maintained, 
this pressure would be achieved in a time 


Vv P 


— 


F Atmos. press. 


This is the new time constant. 

In practice, as the negative pressure develops, 
flow decreases and the rate of increase of nega- 
tive pressure becomes gradually slower. Since this 
rate of increase of negative pressure has been 
shown to be exponential, the pressure at any 
moment in an apparatus can be calculated from 
the time constant. After a period of time equal 
to one time constant the change in pressure is 
one-third incomplete (two-thirds complete); 
after a period equal to two time constants the 
change is one-third of one-third (one-ninth) 
incomplete (eight-ninths complete) and so on. 

If the period of the time constant is short com- 
pared to the period of continuous suction, then 
the maximum negative pressure is available for 
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most of the period of suction. On the other hand, 
if the time constant is long compared to the period 
of suction then the negative pressure never 
becomes very large. Therefore, to get a maximal 
effect quickly, the time constant of the apparatus 
must be short (fig. 12). This can be achieved by 
keeping the volume V of the apparatus small, and 
the free-air flow F large. If the maximum nega- 
tive pressure P is made small, this will also reduce 
the time constant but the advantage of this is 
over-ridden by the small negative pressure avail- 
able. It is only by keeping the volume of the 
system low, and the free air flow and the maxi- 
mum negative pressure high, that the best con- 
ditions of negative pressure can be obtained. 

For instance in an apparatus with a volume of 
4 litres and a free air flow of 15 1./min, if the 
negative pressure developed is a complete 
vacuum, the time constant is 16 sec; but if the 
volume is decreased to 1 litre or the free air flow 
increased to 60 |./min the time constant would be 
reduced to 4 sec. This means that nearly the 
maximum negative pressure is available after 16 
sec in the first instance, but after only 4 sec in 
the second instance. 


AVERAGE NEGATIVE PRESSURE 
FOR 5 SECOND PERIOD 
AS % MAXIMUM NEGATIVE PRESSURE 
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As the time constant of the apparatus is reduced the 
average negative pressure during the first few seconds 
greater. 
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AVERAGE NEGATIVE PRESSURE 
FOR 5S SECOND PERIOD 
in. Hig 


MAXIMUM NEGATIVE 
PRESSURE OF APPARATUS 
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The calculated average negative pressure for a 5-sec 

period when the ratio of the volume of the apparatus 

to the free air flow is increased. The curves represent 

apparatuses developing negative pressures of 30 in. 
Hg, 20 in. Hg, and 10 in. Hg. 


The volume aspirated in a period of time 
depends to a large extent on the average negative 
pressure during that time. This pressure can be 
calculated from the time constant and the maxi- 
mum negative pressure. The curves in figure 13 
were obtained in this manner. They indicate the 
average negative pressure during a 5-sec period 
for machines developing - 10 in. Hg, — 20 in. 
Hg, and -- 30 in. Hg. The X axis gives the ratio 
of the volume of the apparatus to the free air 
flow. 

Each of these characteristics can be altered 
independently. The volume of the apparatus can 
be decreased by using smaller bottles thereby in- 
creasing the average negative pressure, and 
if a flow control is fitted, opening this to its 
fullest extent will increase the air flow and hence 
again increase the average negative pressure. The 
maximum average negative pressure is obtained 
when the volume of the apparatus is small, com- 
pared to the free air flow. 

A tap on the nozzle or catheter, when turned 
off, maintains a closed system. This eliminates 
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the period of fall of pressure if the tap is opened 
only when the tip of the catheter is placed into 
the material to be aspirated. If the tap is opened 
before this, the pressure in the system rapidly 
approaches atmospheric and the advantage is lost. 


Bottles. 

The bottles are included as a reservoir to pre- 
vent aspirated material passing into the working 
parts of the apparatus. They make up the larger 
part of the volume of the system. When the 
column of aspirated material enters the bottle it 
no longer forms part of the resistance to flow. 
The tubing from the catheter to the bottle should, 
therefore, be as short as possible. 

The length of the tubing from the bottle to 
the vacuum source is not so critical since only air 
flows along it. 


Controls. 

The controls on an apparatus enable the 
characteristics of the apparatus to be changed. 

(a) Flow control. A flow control adds to the 
internal resistance of the apparatus. The effect 
recorded on the negative-pressure gauge depends 
on the position of the tap in the circuit in relation 
to the gauge. If as in figure 14 a and b the tap 
is between the intake and the gauge, then, as the 
tap is closed, the flow decreases and the indicated 
pressure becomes more negative. If as in figure 
14 c and d the tap is between the gauge and the 
negative-pressure source, then, as the tap is closed, 
the flow decreases, but the indicated pressure 
becomes less negative. 

A flow control tap does not limit the maximum 
negative pressure. If the intake is blocked, the 
negative pressure still increases to the maximum 
for that apparatus. Flow controls are sometimes 
incorrectly referred to as vacuum controls. 

(b) Negative-pressure control. The maximum 
negative pressure can be limited either with a 
“leak-in” tap or a negative-pressure regulator. 
The “leak-in” tap controls an auxiliary entry for 
air into the system, and so prevents the full 
evacuation of the system. The size of the air entry, 
and therefore its resistance, determines the flow 
through it, and so the maximum negative pressure 
in the system. Flow through the intake of the 
apparatus is greatly reduced as the leak-in tap 
is opened. The intake of the apparatus must be 
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14 


The position of the flow control tap determines whether the pressure indi- 
cated on the gauge becomes more or less as the flow is decreased by it. 


(a) 


FIG. 


(b) 


15 


The negative pressure is controlled by the “leak-in” tap. The intake of the 


blocked to set the maximum negative pressure 
(fig. 15 a and b). 

The negative-pressure regulators (fig. 16 @ and 
b) work on a similar principle to the commonly 
used positive-pressure diaphragm-operated reduc- 
ing valve found on anaesthetic apparatus. Again 
the intake of the apparatus must be blocked when 
setting the maximum negative pressure. 

Both types of control, when set to produce a 
reduced maximum negative pressure, will also 
reduce the free air flow, although with a well 
designed negative-pressure regulator the reduc- 
tion may be small. 

The maximum flow of the apparatus, the 
maximum negative pressure it can produce, the 


apparatus is occluded to determine the maximum negative pressure. 


volume of the apparatus and the nature of the 
controls, are all factors which have to be con- 
sidered when designing a satisfactory apparatus. 
The size of the catheter and the nature of the 
material to be aspirated, clearly impose limits no 
apparatus can overcome. 


SOURCES OF NEGATIVE PRESSURE 
Negative pressure can be produced in a number 


‘ of ways—by the use of pumps, injectors, or 


gravity. A source of power is required for each 
type (fig. 17). 

Pumps 
Pumps have a suction cycle followed by a dis- 
charge cycle and need a unidirectional circuit to 
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Fic. 17 
allow this. In the rotary pump (fig. 18a) this is 
inherent in the design and valves are not needed. 
It is always powered by electricity. 

The piston pump (fig. 18b) requires inlet and 
outlet valves. It has more friction parts than the 
rotary and so is liable to more wear. The source 
of power is either electricity or muscular effort. 

The diaphragm pump (fig. 18c) has a similar 
action to the piston pump. The oscillating dia- 
phragm takes the place of the moving piston. It 
can be driven by an electromagnet from alternat- 
ing current, or by a small motor. Since its power 
is limited, it has only a low air flow and develops 
a limited maximum negative pressure. 
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(b) 
16 
(b) Pressure balanced regulator 
(Messrs. Edwards High Vacuum 


Ltd.) 

1. Push button to increase nega- 
tive pressure. 

Metal disc. 

Diaphragm. 

Push button to decrease nega- 
tive pressure, 

5. Valve seating. 


Pwr 


The bellows and hand-bulb pumps are similar 
to each other (fig. 18d). Both are usually con- 
structed of rubber and have inlet and outlet 
valves. Negative pressure is produced by the 
recoil of the bulb or a spring in the bellows and 
so the maximum negative pressure is limited by 
the elasticity of the rubber or the strength of the 
spring. They have few friction parts, can be light 
in weight, and are foot or hand operated. In one 
variation of this type commonly used on newborn 
infants, the source of suction, that is the bellows, 
is provided by the operator’s lungs. 

If the pump is driven by electricity an explo- 
sion can occur either from flammable vapours 
being sucked into the apparatus or from the ap- 
paratus being used in an atmosphere containing 
explosive vapours, such as the operating theatre. 
In these circumstances the motor must be spark- 
proof, and completely enclosed (Macintosh, 
Mushin and Epstein, 1958). 


Injectors 
These use the venturi principle; when a fluid 
flows through a smooth constriction, the linear 
velocity increases and the pressure at the con- 
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(a) Rotary pump. 

(b) Piston pump. 

(c) Diaphragm pump. 
(d) Bellows pump. 


striction becomes negative (Macintosh, Mushin 
and Epstein, 1958). This fall in pressure is used 
to entrain other fluids. 

The optimum design of an injector depends on 
the driving pressure and whether the main re- 
quirement is for a large negative pressure or a 
large entrained flow. An injector designed to 
operate at a particular driving pressure is less 
efficient when operated at other pressures. How- 
ever, it may be convenient to control the degree 
of suction by reducing the driving pressure of a 
given injector for reasons of economy. If this is 
done the maximum negative pressure and the 
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entrained free air flow are both reduced. A tap 
may be attached to the intake; this will control 
the free air flow but will not affect the maximum 
negative pressure. 

Steam-driven injectors are a variety of com- 
pressed gas injector. Water-driven injectors can 
give high negative pressures, but will entrain 
only low air flows, because of the low flows of 
water available; compressed gases (air, oxygen, 
steam) permit higher driving flows, and thus 
higher entrained flows, and are more suitable for 
clinical use (Lake, 1924; Saher and Salt, 1943). 


Gravity 
The fall in pressure in a closed chamber, when a 
column of water flows from it by gravity, can be 
used as a source of suction. A simple form of this 
arrangement is commonly used, for example, for 
gastric suction. An intravenous infusion set filled 
with water is set up, the air intake is attached to 
a reservoir bottle on the floor, and the stomach 
tube is also attached to the reservoir bottle. The 
negative pressure achieved depends on the height 
of the column of water in the infusion set. If this 
is 6 ft (1.8 m) the maximum negative pressure 
is about 5 in. Hg (13 cm Hg) but the arrange- 
ment is only suitable for use when very low flow- 
rates are required. 
Pipeline 
Pipeline suction is an extension of suction 
usually provided by an electric pump. Since it 
must be capable of providing large flows the pump 
is usually of the rotary type. A large tank acts 
as a reservoir of negative pressure and is fitted with 
maximum and minimum pressure switches. The 
motor switches “on” when the negative pressure 
has decreased to one limit, and switches “off” when 
it has increased to the other limit. If the pressure 
limits are too wide, undesirable fluctuation in 
pipeline pressure will occur. On the other hand 
if the limits are too narrow, motor wear may be 
excessive, because of the frequency with which 
the motor is switched on and off. 

The size of each intake is restricted so that 
no one intake allows the total flow of which the 
pump is capable to flow through it, thus limiting 
the drain on the system. The controls are nearly 
always for flow only unless special vacuum regu- 
lators are fitted. 
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Pipeline suction should give high free air flows. 
The size of the pump can be large, as the major 
part of the cost is the installation of the pipeline. 
The noise of the motor is unimportant since it 
is remote from the clinical area. Reliability is high 
if more than one pump and motor unit is pro- 
vided. Only electrical mains failure puts the 
system out of action. 


CLINICAL ASPECTS 

Suction is employed either to reduce the size of 
a cavity or to remove secretions or blood. Both 
circumstances may occur in combination. If the 
important requisite is reduction in cavity size then 
any communication with the atmosphere must 
be closed off. The negative pressure acts over the 
whole internal surface of the cavity. The flows 
needed are small. 

If the removal of secretions from the surface 
of the body or a cavity widely open to atmos- 
phere is the main requirement, then the prob- 
lems of obtaining satisfactory flow and of 
minimizing localized trauma are introduced. 

Certain situations combine the problem of the 
closed cavity and of the open surface. 

If the opening to the cavity is narrow but not 
completely occluded by the suction tube the 
introduction of the suction tube will lower the 
pressure in the cavity to some extent. The prob- 
lems associated with obtaining the required flow 
of aspirated material, and preventing trauma, still 
remain. 

Clinical examples of each situation have been 
chosen to illustrate the problems involved. 


Suction from Closed Cavities 


In the closed system a flow occurs from the cavity 
until the pressure in the cavity equals the applied 
negative pressure. If the pressure in the cavity 
becomes less negative either by contraction of the 
cavity due to muscular effort or by exudate or 
secretion into the cavity, the flow recommences. 
The most common examples of this type of 
suction are chest (pleural cavity), bladder, and 
gastric drainage. 


Chest drainage. 

The two objectives in chest arainage are 
diminution of the pneumothorax and the removal 
of blood and exudate. The blood flows by gravity 
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through a tube. The tube is connected to a one- 
way valve which allows air to be forced out of 
the cavity by the positive pressure developed 
during expiration, while preventing air being 
taken into the system during inspiration. This 
manoeuvre reduces the size of the cavity. The 
one-way valve usually takes the form of a tube 
dipping about 3 cm below the surface of water 
in a bottie. The height between the chest and 
the surface of the water seal must be sufficient 
to prevent water being drawn into the chest by a 
maximum inspiratory effort. A strong inspiratory 
effort may give a negative pressure of as much 
as 50 to 60 cm H,O so that a height of 100 cm 
is advisable for safety. 

Exudate gathers in the lowest part of the cavity 
so that one drainage tube must be positioned to 
take advantage of this. The application of suc- 
tion to the outlet of the water seal increases the 
flow of secretions from the cavity, but its more 
important function is to decrease the pneumo- 
thorax rapidly. It should be remembered that a 
negative pressure which is small (e.g. 3 in. Hg, 
i.e. 7.6 cm Hg) in relation to the negative pres- 
sure available from an apparatus, is great in 
relation to the pressures of respiration. Although 

3 in. Hg sounds modest, this is — 100 cm H,O, 
a pressure which may make expiration difficult or 
impossible. In addition an excessive negative 
pressure in the pleural cavity may cause haemor- 
rhage and prevent the sealing of any alveoli 
leaking into the plueral cavity. It may also 
attract the tube to the lung, thus occluding the 
tube opening and stopping drainage. On the other 
hand, occlusion of the tube may well be regarded 
as a safety factor protecting the pleural cavity 
from excessive negative pressure. 

Apparatus to give the small negative pressure 
and flow required in pleural drainage can be of 
the simplest type, but an accurate pressure-limit- 
ing control is necessary. One simple arrange- 
ment for limiting the negative pressure consists 
of a third tube into the water seal. One end of the 
tube is open to the atmosphere, the other end is 
below the surface of the water. If the negative 
pressure in the bottle becomes greater than the 
limit set by the length of tube below the sur- 
face of the water, air is drawn in from the atmos- 
phere. The maximum negative pressure setting 
should always be checked while occluding intake. 
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Bladder drainage. 

During bladder drainage, gravity alone is the 
usual method employed to remove the small 
volumes of urine and blood. The flow can be 
improved by applying suction to the drainage 
bottle, but a large negative pressure may cause 
haemorrhage or interfere with drainage by occlu- 
sion of the tube by tissue; accurate pressure con- 
trol is needed. 

Often, especially with pipeline suction, the 
drainage bottles are fitted on the wall above 
the bed. For each foot (30 cm) in height above the 
patient a negative pressure of about 1 in. Hg 
(2.5 cm Hg) is needed to raise the secretions into 
the bottle. If, say, — 1 in. Hg is required in the 
bladder, then if the bottle is 2 ft above the patient, 
~3 in. Hg has to be applied. When the tube 
contains urine there is little risk that the 
applied negative pressure (3 in. Hg) will be 
reached in the bladder. This effect of raising the 
bottle above the patient should be born in mind 
whenever suction is applied to closed cavities. If 
the drainage bottle is placed on the floor, gravity 
assists suction and less negative pressure is 
required. 


Gastric suction. 


A number of machines have been described to 
give the low flow and negative pressure needed. 
Many of these are of the “drip type” gravity 
system, already described, in which the air inlet 
is attached to a container into which the stomach 
contents are sucked. Obviously, when the end 
of the tube in the stomach or intestine is above 
fluid level, air only is removed. Frequent inspec- 
tion of the system is therefore necessary. 


Suction from Sites Open to Atmosphere 


Removal of large volumes. 

Suction from a site open to atmosphere most 
often involves the removal of blood or vomit. 
The volume to be removed may be large, but the 
time taken to remove it must be short; for this 
reason tubing with as large a bore as possible 
should be used. Although tubing of 6-8 mm 
bore (0.25-0.33 in.) allows a very rapid removal 
rate it might even be necessary to use larger 
bores, if the vomit contains solid lumps. However, 
if the vomit is solid enough no pump or tubing 
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may be of use. Narrow catheters and nozzles 
inevitably result in smaller flows. In these cir- 
cumstances their removal and the use of the 
supply tubing alone, will improve the flow rate. 


Trauma due to the design of the suction catheter. 

The sucker end may damage mucous membrane 
(Morbidity Conference, 1956) or even perforate 
the trachea (Mushin, Rendell-Baker and Thomp- 
son, 1959). If the sucker end is completely rigid 
it is much easier to direct, but this property can 
only be regarded as acceptable when suction is 
under direct vision; when suction is “blind” it is 
much too dangerous. The catheter should only 
be just rigid enough to pass to the site. In all 
cases the open end must be smooth and well 
rounded. Sharp edges can cause serious damage. 


Trauma from negative pressure. 

During suction close to tissues of a delicate 
nature, for example those of the nervous system, 
great care is needed to avoid damage by negative 
pressure. The pressure should be carefully con- 
trolled to the smallest necessary. The catheter 
should have as large a bore as possible to reduce 
resistance and gain the best flow from these small 
pressures. 

There is a tendency for the catheter and the 
tissue to be sucked together. The degree of 
attraction depends on the speed of flow of air 
into the catheter. This can be reduced by 
lowering the flow rate to the minimum necessary. 
Of course, this might prolong the time taken for 
the pressure to fall, so the volume of the appara- 
tus must be kept small. If a large volume of 
haemorrhage is anticipated it is advisable to have 
an additional system capable of large flow and 
containing a reservoir of larger volume. 

Another method of preventing tissue attrac- 
tion is to have a sucker end with multiple holes. 
This works well when the suction is under direct 
vision and all the holes are covered by the mate- 
rial to be aspirated, otherwise any exposed holes 
act as leak-in orifices and may reduce the negative 
pressure, and so the flow, to ineffective levels. A 
simple way of preventing attraction during inser- 
tion of the catheter is a finger-hole left open at 
the proximal end of the suction catheter. This 
reduces the negative pressure at the tip during 
insertion. 
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Suction from Sites Partially Communicating with 
the Atmosphere 

When a catheter or nozzle is introduced into a 

cavity without entirely blocking the opening there 

will be some fall in pressure in the cavity. 

Tracheal and bronchial suction are the most im- 

portant examples of this situation. 


Tracheal suction. 

(a) Negative pressure in the lungs. Most 
clinicians are aware that it is a dangerous pro- 
cedure to attach the suction tubing directly on 
to the endotracheal tube as this makes the system 
a closed one. If suction is applied in this way the 
pressure in the lungs falls until it equals the 
maximum negative pressure of the apparatus. 
This might approach a total vacuum. A similar 
situation would exist should a suction catheter 
be put between the vocal cords and laryngeal 
spasm occur. 

It is not nearly so well understood that even 
when there is a free communication with the 
atmosphere there is still some fall in pressure in 
the lungs during tracheal suction. When a suction 
catheter is introduced into the trachea, gas is 
drawn from the lungs and this is replaced by 
air drawn in from the atmosphere through the 
space left round the suction catheter. There must, 
therefore, be a drop in pressure from atmosphere 
to the tip of the suction catheter and from this 
point to the suction apparatus. The pressure in 
the lungs is the same as at the tip of the suction 
catheter. 

The negative pressure in the lungs only lasts 
while air is flowing. When sputum enters the 
catheter, air flow almost ceases although this may 
not occur until some time after the catheter has 
been introduced. 

The exact fraction of the total pressure drop 
from atmosphere to suction apparatus that 
develops in the lungs depends on how closely the 
suction catheter fits into the trachea or endotra- 
cheal tube. If the fit is an exact one the pressure 
in the lungs is the maximum negative pressure 
of the apparatus; but if the suction catheter is 
very narrow compared to the endotracheal tube, 
then there will be only a small fall of pressure in 
the lungs. 

The pressure drop along a tube is proportional 
to its resistance. When a steady state is reached 
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the air flows down the trachea at the same rate 
as it flows up the catheter. Therefore, the pres- 
sure in the lungs is the same proportion of the 
pressure drop from atmosphere to suction 
apparatus as the resistance of the remaining air- 
way is to the total resistance between atmos- 
phere and suction apparatus. If the negative 
pressure is measured at the apparatus end of the 
suction catheter, the length of the pathway from 
that point to the lungs is about the same as the 
length from the lungs to the atmosphere. From 
the formula in table I may be calculated the 
change in the negative pressure within the lungs 
when the diameter of a suction catheter is in- 
creased in relation to the bore of an endotracheal 


Taste I 

If Py pressure in the lungs 
flow of air down the trachea (which 
is also the flow up the catheter to the 
suction apparatus when a steady 
state is reached) 

Ri resistance of pathway from atmos- 

phere to the lungs 

Then Py. 


Similarly if Pr total pressure drop from atmosphere 
to suction apparatus 

Rr = total resistance of the pathway from 
atmosphere to suction apparatus 


Then Pr FRr 
Therefore Pi Ri 
Py Rr 


For laminar flow in a cylindrical tube resistance is 
proportional to the length over the fourth power of the 
diameter. Assume that for all shapes of tube the 
resistance is proportional to the length over the square 
of the cross-sectional area. 


Then if A = inside diameter of the trachea or 
airway 
B = outside diameter of the suction 
catheter 
Cc inside diameter of the suction 
catheter 
it can be shown that 
Ru ct 
Rr (A? —B*)? + C 
therefore the pressure in the lungs is given by 
c* 
= P 
Pi. Be 
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tube through which it is passed. The effect is 
shown (fig. 19) in terms of the ratio of the out- 
side diameter of the suction catheter to the inside 
diameter of the endotracheal tube or the trachea. 
This figure shows that as a larger size of suction 
catheter is used within an endotracheal tube the 
pressure fall in the lungs is a greater proportion 
of the total fall. The thickness of the wall of the 
suction catheter has also to be taken into account. 
For any given ratio of the outside diameter of 
the suction catheter to the inside diameter of the 
endotracheal tube, the thinner the wall of the 
suction catheter the greater will be the pressure 
drop in the lungs. Figure 19 shows what happens 
when a fixed negative pressure of 20 in. Hg is 
applied to the catheter. 

In practice the pressure at the suction end of 
the catheter will depend on the characteristics of 
the suction apparatus and on the total resistance of 
the airway and the suction catheter. In a small 
airway, such as that of an infant, the diameter of 
both the airway and the suction catheter is small 
and the total resistance is always large regardless 
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The calculated negative pressure developed in the lung 
is plotted against the ratio between the outside 
diameter of the suction catheter and the inside dia- 
meter of the airway. In this example the negative 
pressure applied to the suction catheter is 20 in. Hg. 
Each curve represents a catheter with a different wall 
thickness expressed as the ratio between the inside 
diameter (1.D.) and the outside diameter (O.D.) of the 
catheter. 
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of the ratio between them. This means that the 
negative pressure applied to the catheter is always 
near the maximum of the apparatus, and the 
curves shown in figure 19 apply. However, when 
larger catheters are used in larger airways and 
the total resistance is small, the applied negative 
pressure is a smaller fraction of the maximum 
negative pressure of the apparatus. In these cases 
the negative pressure in the lung will be some- 
what lower than that shown in figure 19. 

The analysis in table I is not quite complete, 
as no account has been taken of turbulence or 
of the annular shape of the space round the 
suction catheter. Experiments, using a mock- 
lung, support the proposition that if the suction 
catheter has an outside diameter of not more than 
half the inside diameter of the airway, large 
negative pressures in the lung are avoided. When 
an endotracheal tube is used, the inside diameter 
of its connector may be smaller than that of the 
tube. For safety, this smaller inside diameter 
should be regarded as the inside diameter of the 
airway when selecting the suction catheter, 

One way to reduce the effect of negative pres- 
sure in the lungs is to include a finger-hole in 
the proximal end of the catheter; this allows an 
alternative air entry while inserting and with- 
drawing the catheter. 

Another practical way of preventing excessive 
negative pressure is to use a double lumen 
suction catheter, blowing as much air in through 
one tube as is removed by the other (Shea, 1959). 

(b) Effects of negative pressure on the lungs. 
The lung volume is reduced (fig. 20) and if the 
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Reduction of the expiratory reserve volume during 
suction before occlusion of the catheter by sputum. 
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trachea is completely blocked by the catheter 
massive atelectasis could occur. The oxygen in 
the lungs is inevitably reduced and this results 
in hypoxia. Oximeter readings confirm this by 
showing a reduction in oxygen saturation during 
suction (Kergin, Bean and Paul, 1948). 

When suction is applied in the respiratory tract, 
the pressure in the alveoli may become negative 
throughout the respiratory cycle and this is reflec- 
ted by an increase in the intrathoracic negative 
pressure. When the negative pressure in the alveoli 
is greater than 50 cm H,O respiration may well 
be impossible. Any fall in intrathoracic pressure 
produces an increased systemic venous return and 
a dilatation of the great veins and right heart 
(Rigler, 1959). Radiographs taken during suction 
confirm this (fig. 21). During suction in this 
patient both domes of the diaphragm are higher 
by one intercostal space. There is also a marked 
dilatation of the superior vena caval shadow, of 
the main pulmonary artery, and of the left 
auricular appendage shadow. The transverse 
diameter of the heart is increased. There is radio- 
logical evidence of an increased venous return to 
the heart. 

Sudden death during endotracheal suction has 
been reported (Shumacher and Hampton, 1951; 
Mushin, 1960) yet the exact causes are still in 
doubt. There is well-documented evidence 
(Brodie and Russell, 1900; Sloan, 1950; Young, 
Sealy, Harris and Botwin, 1957; Clowes, Hop- 
kins and Simeone, 1955) to show that cardiac 
arrest from respiratory tract reflexes occurs; the 
part that these reflexes play during tracheal suc- 
tion is difficult to decide. It seems likely that an 
important cause of sudden death during suction 
is the sudden load caused by increased venous 
return on the possibly anoxic heart. 

(c) Bronchial suction. During bronchial suction 
total blockage of a bronchus can easily occur and 
might result in a negative pressure great enough 
to collapse the lung. This is serious enough, 
although fatal anoxia is unlikely if the other lung 
is ventilating well. A small diameter catheter 
should therefore be used. 

(d) Sterility. Catheters for tracheal suction 
should be ready for immediate use. A sterile 
supply of catheters should be kept but no con- 
venient and satisfactory method of doing this 
has yet been widely adopted. Bacteriological 
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investigations in our own clinical environment 
show that, despite a high level of awareness of 
this problem, contamination occurs. After a 
catheter has been used once it may be needed {or 
the same patient later on, and it must be a com- 
mon sight in hospitals to see a catheter dangling 
from a corner of the anaesthetic apparatus or 
bedside (Jacoby, Zeigler, Macpherson and Gar- 
vin, 1960). Sometimes water is sucked through 
the catheter after use; later other catheters are 
dipped into the contaminated water. 


The Efficiency of Suction related to Catheter Size 


A series of experiments was performed in order 
to test whether the size of the catheter affected 
the efficiency of suction, as judged by the 
operator. At the same time observations were 
made on the effect of the average negative pres- 
sure developed during the time of suction. 
Twelve experienced anaesthetists were asked 
to judge, by awarding marks, the efficiency of a 
particular catheter in removing a volume of mixed 
egg. The characteristics of the apparatus were 
varied in order to change the average negative 
pressure. The time taken to perform the task was 
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The relation between efficiency of suction, subjectively 

assessed, and the average negative pressure during 

suction for three different catheters. Each point is the 

average of the marks allowed by twelve experienced 
anaesthetists, 


‘a 
kee 
f 
ti 
By 
> 
vg 


502 


measured. The curves (fig. 22) show a good cor- 
relation between the average negative pressure 
and the marks. Each mark represents the average 
of the twelve anaesthetists. 

The smallest catheter (1 mm, ie. 0.04 in.) 
received low marks always and altering the 
average negative pressure did not improve the 
marks by much. 

The large catheters (2.5 mm, ie. 0.1 in., and 
4 mm, ic. 0.16 in.) were just satisfactory and 
could be made good when the average negative 
pressure was increased by reducing the circuit 
volume. 

All sizes could be blocked by solid particles 
in the mixture and, naturally, the larger the bore 
of the catheter the greater the particle size that 


would pass up it. 


PRACTICAL OBSERVATIONS 


In an apparatus for general use the vacuum source 
should be a rotary or piston pump. These can 
give a negative pressure of 25 in. Hg (64 cm Hg) 
which is ample for any clinical need. The rotary 
pump is unlikely to develop mechanical faults 
and is usually preferred by manufacturers. 

The necessary free air flow is intimately related 
to the volume of the system and to the required 
rate at which material is to be removed by 
suction. A clinical need for a removal of a total 
volume of more than 2 |. of blood is unusual. 
Therefore a system volume of 3 |. will be ade- 
quate. A free air flow of 25-35 |./min is satis- 
factory, although it is easy and relatively inex- 
pensive to provide larger air flows of 40-60 
1./min. These flows should be with the reservoir 
bottles and tubing connected. The flow charac- 
teristics of many machines are given for the 
pump by itself. When the resistance of tubing 
and pipes are added the free air flow is dimin- 
ished considerably. 

A negative pressure gauge is essential and this 
should be as close to the intake as possible, so 
that near-atmospheric pressures are registered 
during free air flow. It should be large enough 
to be read easily at a distance. 

A vacuum control is valuable. A pressure 
regulator type is the more accurate and does not 
affect the free air flow to a great extent. 

A flow control tap is an advantage. When the 
vacuum control is efficient and does not reduce 
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free air flow much, a flow control is necessary 
if tissue attraction is to be decreased. Two 
systems, one offering a large reservoir and a high 
free air flow, the other a small volume reservoir 
and a low free air flow, would be of value. These 
could be supplied from the same pump. 

If it is felt that bottles with a larger volume 
than 3 |. might be required, then only one bottle 
should be in the system at any one time. This 
also allows emptying without breaking the suc- 
tion system. An automatic device for stopping the 
suction when the bottle is full is a useful 
accessory. 

A bacterial filter on the outlet has been 
recommended to prevent contamination of the 
atmosphere (Ranger and O’Grady, 1958). 

Transparent plastic tubing is not only lighter 
than rubber but it can easily be inspected for clean- 
liness. Since plastic tubing is relatively inelastic, 
any junction in the suction system should have 
permanently fitted rigid male and female con- 
nectors of a standard size. The tubing from the 
suction catheter to the bottle should be short. The 
appropriate diameter depends on the removal 
rate that the clinician requires. A bore of at least 
6-8 mm (0.25-0.33 in.) is necessary for speedy 
suction of a large volume of blood or vomit. An 
even larger bore tubing might be advantageous if 
there are solid particles in the aspirated 
material. 

When sucking secretions from the trachea 
during anaesthesia it is an advantage if the tubing 
is light in weight. This can be achieved and at 
the same time the length of tubing kept very 
short if a small bottle is fitted to the anaesthetic 
machine. In these circumstances the weight of 
tubing is reduced, the volume of the circuit 
is kept small and the resistance pathway for the 
aspirated material is minimal. 

Many catheters and nozzles have been designed, 
but their efficiency in removing material depends 
on their bore. A small bore catheter will not 
remove a large volume of blood quickly, even if 
the attached tubing is of wide bore. 

Sucker ends with multiple perforations prevent 
tissue becoming attached to the sucker but each 
perforation can act as a “leak-in”, although ade- 
quate flows for many purposes are still possible. 

When using suction near delicate tissues, as 
wide a bore catheter as practicable should be 
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used. This allows the negative pressure limit to 
be set to the minimum, ensuring efficient suction 
while decreasing the risk of tissue damage. The 
flow control should be used to decrease air flow 
and tissue attraction. By adjusting the flow rate 
and the circuit volume small quantities of blood 
can still be removed rapidly. 

In tracheal suction a carefully selected size of 
catheter should be used for each case. The distal 
end should be well rounded and have one open- 
ing. A greater number of openings decreases the 
suction effect. If the proximal end has a finger- 
hole, air can be entrained from the atmosphere 
while the catheter is introduced or withdrawn. 
Suction takes place only when the hole is occluded. 

Disposable catheters in a sterile pack, labelled 
with the appropriate size of endotracheal tube 
into which it could be passed with safety, would 
be a great advantage. All catheters and nozzles 
should be smooth and rounded. It is undesirable 
to cut off smooth ends; trauma to tissues is likely. 

It is an advantage if the catheters are made of 
a transparent material, so that both the type of 
material aspirated and its movement up the 
catheter can be seen. 


SUMMARY 


To remove liquid rapidly the free air flow of the 
suction apparatus (the flow it produces when the 
intake is open to atmosphere) should be at least 
four times the maximum liquid removal rate 
required; the maximum negative pressure need 
not exceed 25 in. Hg; the time that the apparatus 
takes to develop its maximum suction after the 
catheter has been dipped in the liquid to be 
aspirated should be short. This time depends 
mainly on the internal volume of the apparatus 
and the free air flow. 

A clear distinction is made between the flow 
control and the negative-pressure control, and the 
purpose and performance of each is examined. 

The different types of vacuum sources are 
classified and briefly described. 

The requirements and dangers of suction in 
various clinical circumstances are considered. It 
is postulated that sudden death during tracheal 
suction may be partly due to greatly increased 
venous return. 
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A general purpose suction apparatus should 
incorporate the following features. The free air 
flow should be at least 30 1./min, the negative 
pressure developed about 25 in. Hg (64 cm Hg) 
and the volume of the reservoir bottle about 3 1. 
There should be negative-pressure and flow con- 
trols, and an easily readable vacuum gauge. A 
bacterial filter should be fitted. The tubing 
should be of transparent plastic to facilitate 
cleanliness. The bore of this should be 6-8 mm 


(0.25-0.33 in.). 
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Tue anaesthetist may encounter porphyria at any 
stage of the disease (Dundee, 1956), although he 
most frequently does so during an acute attack. 
The clinical picture may then be that of an acute 
abdominal emergency requiring laparotomy. 
Failure to recognize the true nature of the illness 
may result in the doctor being unwittingly res- 
ponsible for the patient’s death (Dean, 1953). 

Occasionally elective surgery (for example, 
during pregnancy) is required in a known por- 
phyric. Recently such a patient, five months preg- 
nant, was admitted to Glasgow Royal Infirmary 
with a view to elective Caesarean section being 
carried out at term. Being adequately forewarned, 
we were able to deliberate upon the effects on 
porphyria of the commonly used anaesthetic 
drugs and techniques. 


PORPHYRIA 


Regarded as an inborn error of metabolism of 
uncertain origin, porphyria may be classified as 
follows : 

(1) Acute intermittent porphyria. 

(2) Porphyria cutanea tarda. 

(3) Congenital porphyria. 
This classification is not, however, absolute as 
overlapping may occur. The acute attack may 
arise spontaneously or be precipitated by drugs, 
notably barbiturates, sulphonamides, sulphonal 
or alcohol. In addition the first attack may be 
associated with pregnancy (Goldberg, 1959). 


Pathology. 


The abundant literature on the pathology of 
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porphyria features three points of major impor- 
tance to the anaesthetist. 

(1) The acute attack may be precipitated or 
aggravated by the administration of barbiturates, 
especially those containing an allyl group. 

(2) The neurological picture is that of a widely 
disseminated demyelination. The _ peripheral 
nerves, spinal cord, cerebellum, cerebrum and 
autonomic nervous system may be involved 
(Gibson and Goldberg, 1956). 


(3) Biochemical disturbances regularly include 
a low serum potassium, sodium and chloride 
(Davies, 1949), associated with a raised blood urea. 
The pseudocholinesterase level is frequently ele- 
vated (Lewis, 1959). 


CHOICE OF ANAESTHETIC 


Before selecting a suitable anaesthetic technique 
it is essential to consider which drugs, commonly 
used in anaesthesia, are known to have a beneficial 
or detrimental effect on porphyria. 


Premedicant drugs. 

In the symptomatic treatment of porphyria, 
opiates, pethidine, chloral and paraldehyde have 
been safely used by Goldberg (1956), while 
Melby, Street and Watson (1956) report no ill 
effects following the administration of chlorpro- 
mazine and rauwolfia. Although there is no in- 
formation available regarding the effects of the 
belladonna derivatives, it appears certain that 
these must have been used in the cases mentioned 
by Dean (1953) and others. 
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Anaesthetic drugs. 

Thiopentone is absolutely contra-indicated 
(Dundee and Riding, 1955). Nitrous oxide 
(Staples, 1959) and ether (Dean, 1953) have been 
safely used. The use of pethidine has already 
been mentioned and intravenous procaine has 
been administered successfully by Grubschmidt 
(1950) and Wehrmacher (1952). 


Relaxant drugs and their antagomsts. 


d-Tubocurarine chloride (0.15 mg/kg) has been 
used by Wehrmacher (1952) to relieve the abdo- 
minal cramps of porphyria. The use of neostig- 
mine has also been reported since porphyria may 
superficially resemble the myasthenic state, but 
the results have been variable (Goldberg, 1959). 
Lewis (1959), however, suggests that the use of 
anticholinesterase should be avoided since certain 
insecticides containing phosphorus display anti- 
cholinesterase activity and also produce demyel- 
ination. Goldberg and Lewis, in personal com- 
munications, both recommend suxamethonium 
as the relaxant of choice. 


Other drugs. 

Hypotension may presumably be induced 
where otherwise indicated, as pentolinium and 
tetraecthyl ammonium bromide have been em- 
ployed to counteract the hypertension sometimes 
found in porphyria. 

By utilizing these drugs, whose safety in 
porphyria has been established, it should be pos- 
sible to provide adequate anaesthesia for all sur- 
gical procedures. It appears unnecessary to 
consider the use of spinal, epidural or extensive 
local anaesthesia. It may be that these techniques 
are not contra-indicated, as opined by Staples 
(1959), but it seems unwise to employ methods 
dependent upon the absorption of toxic drugs into 
the myelin sheath when the characteristic neuro- 
logical lesion in porphyria is that of demyelina- 
tion. 


REPORT 


The patient, aged 22, had been attending Glasgow 
Royal Infirmary for a period of six years during which 
time exacerbations of porphyria had necessitated her 
admission to hospital on ten occasions, McKenzie 
(1960) will describe her family history in detail. 

On this occasion she was admitted to hospital in 
late 1958 five months pregnant and in poor general 
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condition. She complained of abdominal pain, nausea, 

vomiting and painful paresis of all limbs. Examina- 

tion revealed a pulse rate of 120/min; blood pressure 

130/80 mm Hg; haemoglobin 64 per cent (Sahli): 

E.S.R. 72 mm in the first hour. 

Plasma: sodium 126 m.equiv/I. 

chloride 84 m.equiv/1. 
potassium 4.4 m.equiv/i. 

Blood urea 140 mg per cent. 

Her urine was heavily infected. A radiograph of her 
chest revealed patchy inflammation of both costo- 
phrenic angles. She remained in hospital until term 
and during the intervening periods her condition re- 
mained poor, The pain responded to analgesics, 
namely, aspirin, pethidine, amidone and chlorpro- 
mazine. Her haemoglobin level fluctuated between 
49 per cent and 69 per cent and her electrolyte levels 
also varied considerably but were improved by appro- 
priate infusions. The chest infection improved with 
antibiotic therapy but the pyuria persisted. Following 
a blood transfusion the patient was presented for 
operation with the following picture: 

Haemoglobin 76 per cent (Sahli); blood urea 59 
mg per cent. 


Plasma: sodium 137 m.equiv/lI. 
chloride 100 m.equiv/I. 
potassium 4.7 m.equiv/1. 


Her muscle weakness persisted and she was emo- 
tionally labile. As we intended to use suxametho- 
nium as our muscle relaxant the plasma _pseudo- 
cholinesterase level] was estimated and found to be 
at the upper level of normal. 


Anaesthetic Management 

Premedication consisted of atropine sulphate 1.2 mg 
administered intramuscularly half an hour  pre- 
operatively. Pre-oxygenation with 100 per cent 
oxygen (10 L/min) was carried out for 3 minutes. 
Thereafter anaesthesia was induced with nitrous 
oxide and oxygen (6 1./min and 2 1./min). Intubation 
with a No. 9 cuffed Magill endotracheal tube was 
facilitated by intravenous suxamethonium chloride 
50 mg. The resultant apnoea lasted 2 minutes 40 
seconds, Controlled respiration was instituted and 
apnoea maintained with further doses of suxame- 
thonium. Following delivery of an active child, 
pethidine was given intravenously and ergometrine 
0.5 mg was administered. 

Her blood pressure and heart rate remained steady 
throughout the procedure apart from a mild transient 
hypertension and bradycardia following the initial 
injection of suxamethonium, No changes followed the 
subsequent injections of the drug. 

The patient wakened immediately following extu- 
bation and her postoperative recovery was unevent- 


ful. 
DISCUSSION 


Our normal technique for anaesthetizing patients 
undergoing Caesarean section comprises the 
thiopentone - nitrous oxide - oxygen - intermittent 
suxamethonium sequence. By happy coincidence 
the technique which appeared theoretically indi- 
cated merely omitted thiopentone from this 
sequence, 
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This method provided minimal foetal depression 
—a matter of paramount importance to a patient 
about to be sterilized. It also restored full 
muscle tone immediately on withdrawal of the 
anaesthetic, a feature of considerable value in 
view of the muscular weakness present in the pre- 
operative period. 

Although patients suffering from porphyria may 
deteriorate considerably during pregnancy the 
converse is also true, some showing a dramatic 
improvement in their condition (Rawlings, 1950). 
One such patient who went through her preg- 
nancy uneventfully was admitted at term and 
delivered, also by Caesarean section. She was 
anaesthetized by a colleague (Dr. R. Neill) using 
cyclopropane and oxygen and a small dose of 
gallamine triethiodide. During and immediately 
after operation respiration was assisted until it was 
deemed adequate and neostigmine was not re- 
quired. A live child was delivered and the patient 
recovered uneventfully. 


CONCLUSIONS 


The porphyric patient should be regarded by the 
anaesthetist as a potentially poor risk both during 
and after operation. 

The selection of a suitable anaesthetic technique 
depends on a wise choice of anaesthetic drugs 
which do not adversely affect porphyria. 

Opiates, pethidine, chlorpromazine, amidone 
and the belladonna derivatives are available for 
premedication. 

Suxamethonium chloride seems a wise choice 
if muscular relaxation is desired. Although we 
preceded our anaesthetic with atropine 1.2 mg 
and used suxamethonium intermittently, follow- 
ing the report of Bullough (1959) some might 
prefer to substitute a suxamethonium infusion. 

For light anaesthesia without relaxation, the 
addition of pethidine, ether or cyclopropane to 
nitrous oxide and oxygen appears reasonable. We 
therefore consider it advisable to eschew spinal, 
epidural or extensive local anaesthesia in por- 
phyria. These methods appear to be theoretically 
undesirable and may also be a possible cause of 
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litigation in a disease liable to proceed to par- 
alysis and death. 
SUMMARY 


The problems of porphyria as they concern the 
anaesthetist are outlined. 

The pharmacology of some anaesthetic drugs in 
relation to porphyria is considered. 

The selection of suitable anaesthetic techniques 
for use in porphyrics is discussed. 

A case is reported where one such technique 
was successfully applied. The reasons underlying 
its selection are considered. 
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CRICOID STENOSIS COMPLICATING TRACHEO-OESOPHAGEAL 
FISTULA IN THE NEWBORN 


Gorpon G. FRANCE AND JAMES B. STIRLING 
Royal Hospital for Sick Children, Glasgow, Scotland 


CONGENITAL stenosis of the cricoid cartilage is a 
rare condition. Thus Potter (1952) from over 6,000 
neonatal autopsies records only three cases (one 
complete), in none of which tracheo-oesophageal 
fistula was present. Tracheal atresia rarely accom- 
panies tracheo-oesophageal fistula though oesopha- 
geal atresia frequently does (Fluss and Poppen, 
1951). 

We report the occurrence of cricoid stenosis in 
two patients within ten days. This was discovered 
in both instances on attempted intubation during 
anaesthes a for the repair of tracheo-oesophageal 
fistula and oesophageal! atresia. 


CASE REPORTS 


Case |. (Anaesthetist G.G.F.). Patient E.C., female, 
aged 24 hours, weight 6 Ib. 13 oz. (3.2 kg). Soon after 
birth this patient had a cyanotic attack and was found 
to have excess mucus secretion, Atresia of the oeso- 
hagus was suspected and was confirmed by the 
ailure to pass a tube into the stomach. The patient 
was admitted to the Royal Hospital for Sick Children 
on January 23, 1960. Anaesthesia was started with 
nitrous oxide, oxygen and cyclopropane. Intubation 
with a No. 00 Magill armoured endotracheal tube was 
attempted, The endotracheal tube was passed through 
the vocal cords without difficulty but was arrested at 
the cricoid level. A diagnosis of subglottic obstruction 
was made 

Radiographs taken before the operation had shown 
a blind upper pouch of the oesophagus and air in the 
bowel due to a fistula between the trachea and lower 
segment. The upper lobe of the right lung was col- 
lapsed but no abnormality of the cricoid region could 
be detected. Because of the tracheo-oesophageal 
fistula and a further cyanotic attack immediately 
prior to the anaesthesia it was decided to carry on 
with the operation in spite of the tracheal obstruc- 
tion. Anaesthesia was therefore continued with nitrous 
oxide, oxygen and cyclopropane. Because of the 
narrow tracheal passage and a wide tracheo-oesopha- 
geal fistula, respiration was controlled by more than 
usually vigorous compression of the rebreathing bag. 
Some difficulty was experienced from “paradoxical” 
respiration” due to dilatation of the stomach by the 
anaesthetic gases. Satisfactory operating conditions 
were maintained until traction during dissection of 
the upper pouch of the oesophagus dislodged the 
precariously placed endotracheal tube, This occurred 
three times during the operation and the endotracheal 


tube was replaced each time. On one occasion an 
attempt was made to continue anaesthesia with a face- 
piece, but this resulted in gases passing out of the open 
upper oesophageal pouch and interfering with the anas- 
tomosis. The operation was completed in 24 hours. 
Primary anastomosis between the upper and lower seg- 
ment of the oesophagus was performed, A water-seal 
thoracic drain was inserted. The infant rapidly re- 
covered consciousness and was returned to the ward 
in a heated incubator, The oxygen concentration was 
maintained at 50 per cent and the humidity at 100 
per cent. About 24 hours later the baby developed 
severe respiratory obstruction and died. Postmortem 
examination disclosed some mucus in the trachea and 
gross thickening of the cricoid cartilage through which 
there was an opening of only 2.5 mm in diameter 
(figs. 1 and 2). 

Case 2. (Anaesthetist J.B.S.). Patient D.R., male, aged 
10 hours, weight 4 Ib. 14 oz. (2.3 kg). This baby was 
brought to theatre on February 1. 1960, for the repair 
of a tracheo-oesophageal fistula and oesophageal 
atresia. An exploratory thoracotomy, possibly fol- 
lowed by gastrostomy and exteriorization of the upper 
pouch in the neck was proposed. An imperforate anus 
was also present. Atropine 0.23 mg intramuscularly 
had been given and an intravenous drip set up. Using 
the laryngoscope a large amount of frothy mucus was 
sucked out from the pharynx. Although a reasonable 
view of the (apparently normal) glottis was obtained 
it proved quite impossible to pass either a No. 00 
plain endotracheal tube or a fine suction catheter 
more than 1-2 mm beyond the cords, where the tube 
or catheter impinged on a hard structure. Laryngo- 
scopy was repeated following 2.5 mg suxamethonium 
intravenously and the cause of the obstruction was 
confirmed as a gross stenosis of the cricoid ring with 
a very small central circular aperture estimated at 
2 mm in diameter. As it was neither desirable 
(Eckenhoff. 1951) nor possible to maintain an airway 
with the tube resting above this extremely narrow 
aperture the question of performing a_ preliminary 
tracheotomy was discussed with the surgeon. How- 
ever, a decision was taken against this on the grounds 
of the close proximity of a tracheotomy to the prob- 
able site of the oesophageal anastomosis, with con- 
sequent difficulty in management. 

Anaesthesia was therefore continued, using a face- 
mask, with oxygen, nitrous oxide and cyclopropane. 
The tracheotomy set was kept at hand. During the 
thoracotomy (which lasted 1 hour) it was found pos- 
sible to keep the baby well oxygenated using assisted 
respiration. Although the operative field was not as 
quiet as would have been obtained using suxameth- 
onium and controlled respiration, it was felt undesir- 
ible under the circumstances to abolish respiration 
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Patient E.C. Posterior aspect of the larynx and 

trachea. A No. 00 Magill armoured endotrachial tube 

is placed behind the epiglottis, The tip of the tube 

with stilette showing lies between the vocal cords. 

Below this the narrowed cricoid ring and the trachea 

are divided in the midline posteriorly. (Scale shown 
is in centimetres.) 
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Fic. 2 
Patient E.C. Cross-section through the cricoid carti- 


lage. The narrowed cricoid aperture (2.5 mm _ in 
diameter) and thickened cartilage are shown. The 
cartilage has been divided posteriorly in the mid- 
line at autopsy. A cross section of the end of a 
No. 00 Magill armoured endotracheal tube is included 
for comparison. (Scale shown is in centimetres.) 


Fic. 3 
Patient D.R. Sagittal section of the larynx and trachea. 
The narrowed passage (2 mm in diameter) through 
the cricoid cartilage is shown by the arrow. (Scale 
shown is in centimetres.) 


Fic. 4 
Patient D.R. Laryngoscopic view of postero-superior 
aspect of the tongue and the glottis. The narrowed 
aperture through the cricoid is identified by the tip 
of a probe. A cross section of a No. 00 (plain) endo- 
tracheal tube is shown on the same scale. 
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entirely, No tracheo-oesophageal fistula was found 
and the continuity of the oesophagus throughout the 
mediastinum was demonstrated. The neck was then 
opened along the anterior border of the left sterno- 
mastoid and dissection revealed a large upper pouch 
and a lower segment extending into the root of the 
neck, together with a tracheo-oesophageal fistula 
between the distal oesophagus and trachea close to 
the end of the upper pouch. The fistula was closed 
and the oesophagus anastomosed in the neck. The 
total operating time was 2} hours and the anaesthe- 
tic time 3} hours, during which 55 ml of blood were 


given. 

Postoperative laryngoscopy revealed no further 
diminution in the size of the airway at the cricoid 
ring. 


The child's postoperative condition was remarkably 
good. He awoke quickly and was quite active. The 
character of the respiration was satisfactory and there 
was no stridor. He was returned to the ward in an 
incubator with SO per cent oxygen and 100 per cent 
humidity and instructions were given to keep a close 
watch for the development of any signs of respiratory 
obstruction, In view of the very narrow (2 mm) airway 
at the cricoid ring and the repeated, albeit gentle. 
attempts at intubation it was felt that oedema glot- 
tidis might occur. However, no further respiratory 
obstruction developed and the child maintained a 
good colour on oxygen, the percentage of which was 
gradually reduced to 25 

On the second postoperative day a transverse colos- 
tomy was performed under local analgesia and 
opened the following day (without anaesthesia) for the 
relief of the obstruction due to the imperforate anus. 
The child's condition continued to improve gradually 
although 


until the morning of the fourth day and, 
apparently well when fed at 6 am., he suddenly 
collapsed and died at 6.50 a.m 

Postmortem examination confirmed the laryngo- 
scopic findings; the aperture of the cricoid ring only 


This was a 


just admitted a probe of 2 mm diameter 
region of 


striking stenosis and was localized to the 


the cricoid cartilage. Below this the trachea was 
of normal calibre and length. The lungs and pleura 
were normal and no pneumonia was identified. The 
liver showed severe necrosis, The right kidney and 
ureter were absent. The heart and the brain were 
normal 

Photographs of the postmortem specimens are 


shown in figures 3 and 4. A cross section of a No. 00 
armoured Magill endotracheal tube is included for 


comparison 


DISCUSSION 


In comparing the normal infantile with the adult 
larynx Wilson (1955) describes four important 
differences between them: 

(1) Size: the infantile larynx is smaller both 
actually and relatively. Tucker (1932) states that 
a subglottic diameter of 6 mm is normal at 2} 
months while 4 mm indicates a definite stenosis. 
Engel (1947) gives the sagittal and coronal dia- 
meters of the trachea in the newborn as 5.7 mm 
and 6.0 mm respectively. On the other hand 


BRITISH JOURNAL OF ANAESTHESIA 


Negus (1949) gives the length of the vocal folds 
at 3 days as only 3 mm. 

(2) The consistency of all its tissues is softer 
(an important cause of stridor). 

(3) Position: in the infant the larynx is placed 
high. Eckenhoff (1951) states that at birth the 
glottis is at the level of the lower border of the 
third cervical vertebra. As a result of this the line 
of entry of the air current is straighter than in the 
adult. 

(4) Shape: the upper end of the larynx and 
trachea is funnel shaped in the infant, the cricoid 
plate being tilted backwards and the tracheal 
lumen becomes smaller as it descends. 

In both patients the stenosis was caused by the 
enlarged cricoid cartilage which obstructed the 
lumen of the larynx just below the vocal cords. 
From his wide experience of paediatric anaesthesia, 
Rees (1958) reports only two cases of subglottic 
stenosis. Glaser, Landau and Heatley (1935) des- 
cribe one case of subglottic laryngeal stenosis in in- 
fancy but this was due to redundancy of the nor- 
mal laryngeal mucous membrane. Schwalbe (1912) 
referred to a similar case originally reported by 
Gigli (1902). Schwalbe suggested that such an 
error of development may have been due to an 
inflammatory process during foetal life or to an 
inequality in the rate of growth between epithelial 
and mesenchymatous tissue. 

In one of the three malformations reported by 
Potter (1952) the larynx was completely occluded 
by a solid mass of cricoid cartilage. This case was 
a stillborn iniencephalic foetus with cystic disease 
of all lobes of both lungs and complete tracheal 
atresia. In the other two instances there was a 
fine aperture about 1 mm in diameter through the 
posterior part of the cartilage in the midline. 

Jackson (1915) described one case of laryngeal 
stenosis in the newborn in which, at postmortem 
examination, the cricoid and arytenoid cartilages 
were much thickened and firmer than normal. 
The glottis, in contrast to the two cases described 
here was very small, the vocal cords being shorter, 
thicker and firmer than normal. 


Differential diagnosis. 

Obstruction at the level of the vocal cords, 
such as might occur with laryngeal web, is ex- 
cluded by inspection and passing of an endo- 
tracheal tube through the cords. Obstruction 
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immediately beyond the vocal cords suggested 
cricoid narrowing. Anderson (1959) points out that 
the narrowest point of the infant larynx is often 
at the cricoid ring. Tracheal obstruction, either 
extrinsic or intrinsic, might also be present. 
Stewart and Pinkerton (1955) reported an unusual 
case of tracheal stenosis in an adult which was 
thought to be of congenital origin. If there is 
doubt as to the level of the obstruction, radio- 
graphic examination may show constriction of the 
trachea. More than one film should be taken to 
exclude temporary tracheal obstruction. Straight 
antero-posterior or lateral views of the neck do 
not show the narrowing of the cricoid aperture 
(Rawson, 1960). 

Management. 

The above evidence shows that cricoid stenosis 
may be severe and even extend to complete atresia. 

The diameter of the passage should be ascer- 
tained accurately. Laryngoscopy and the gentle 
passage of catheters of various sizes are recom- 
mended. The decision can then be taken whether 
or not a tracheotomy is to be performed. A 
tracheotomy in a newborn infant carries a serious 
risk and involves prolonged and skilled post- 
operative management. Therefore cricoid stenosis 
should not be diagnosed lightly. 

In small infants there are other causes of 
difficulty in intubation such as micrognathia and 
glossoptosis (Pierre-Robin syndrome) or sclerema 
(“cold injury”) where the thickened woody epi- 
glottis and arytenoid folds make the laryngeal 
aperture too small and rigid. Trainees in this hos- 
pital are taught the importance of inspecting the 
larynx (with or without light general anaesthe- 
sia) before administering a muscle relaxant. 


SUMMARY 


The occurrence of congenital stenosis of the 
cricoid cartilage in two newborn infants is re- 
ported. In both cases oesophageal atresia and 
tracheo-oesophageal fistula were present. A re- 
view of the literature shows that this is a rare 
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condition particularly when associated with 


oesophageal atresia. 

The differentia! diagnosis is discussed and 
management suggested. 

The possible occurrence of cricoid stenosis 
draws attention to the risks associated with intu- 
bation of the newborn. 
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SEPARATION OF A NEEDLE SHAFT FROM ITS MOUNT DURING 
ANAESTHESIA 


BY 


J. D. LouGurey 
Sefton General Hospital, Liverpool, England 


A Fit and healthy female patient, aged 25 years, 
was anaesthetized for removal of the left ovary 
and a plastic operation on the right. Anaesthesia 
was induced using 12 ml of 2.5 per cent thiopen- 
tone and d-tubocurarine 30 mg for which a fresh 
size 12 needle was used, the site of puncture being 
an antecubital vein which was superficial and 
well formed. The needle was left in situ through- 
out the operation. A total of five injections were 
made through this needle during the course of 
anaesthesia to administer thiopentone, d-tubo- 
curarine, a supplementary dose of d-tubocurarine, 
atropine and finally neostigmine. 

Anaesthesia was maintained using nitrous oxide 
and oxygen. Anaesthetically and surgically the 
patient’s condition was satisfactory throughout 
until the final injection of neostigmine was being 
given. At that point it was seen that the solution 
was not entering the vein but was escaping 
around the needle and in fact there was separation 
of the shaft from the mount. 

The usual emergency measures were carried 
out. These included the immediate application 
of very firm pressure above the vein and the rapid 
application and inflation of a sphygmomanometer 
cuff. Finally the vein itself was incised and the 
shaft was removed after a little difficulty. 

At this stage there was little to suggest that 
the accident was due to any other cause than a 
fracture of the shaft. On examination of the two 
parts, however, there appeared to be scant evi- 
dence that this was so and indeed the shaft fitted 
extremely well into the mount of the needle. 

A little further manipulation brought the sur- 
prising discovery that a very slight twisting of 


the shaft, about one/eighth turn, resulted in the 
most misleading firmness of the union. The needle 
was then quite indistinguishable from a perfectly 
normal one and by this slight twist the shaft could 
be firmly united and released at will. 

Examination under a high-powered lens showed 
a rudimentary thread on the shaft which accoun- 
ted for this unusual phenomenon, and indicated 
a danger (which might be far from obvious) of 
which anaesthetists should be aware. 

In the light of this discovery it became simple 
to understand why the needle was accepted as 
normal at the commencement of the operation. 
The slight twisting which took place on four sub- 
sequent occasions, when syringes were attached 
to or detached from the needle, had produced an 
identical effect to the twisting described above 
with, not surprisingly, the same separation of the 
shaft from the mount. 

Among the several points which might be 
made about this accident must be a reconsideration 
of the advisability of using the large antecubital 
veins for intravenous work, except in exceptional 
circumstances. In addition the dangers of placing 
the shafts of needles to their full extent in the 
lumen of veins and the importance of ensuring 
that the function and structure of needles are 
basically sound before use are re-emphasized. 

There would appear to be some indication for 
investigation into the manufacture of needles used 
for intravenous work, for whatever criticisms may 
be made regarding technique in this case, the 
basic cause of the accident must certainly be the 
poor construction of the needle and the inadequate 
joining of the shaft to the mount. 
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phenactropinium chloride 


an agent for the production of controlled hypotension during 


general anaesthesia, providing ganglion blockade without direct 
vasodilator action. This original product of the Duncan Flockhart 


Research Laboratories is now available in the new, more conven- 


ient, pack of 20 ml. (1,000 mg.) in a box of 6 injection-type vials. 


Reterences: “The use of a homatropinium derivative to produce controlied 
hypotension” Brit. J. Anaesth, 29, 342. 


“Comparison of two hypotensive agents’’ Anaesthesia, 14, 53. 


“The use of Fluothane and Trophenium in anaesthesia for the 
surgery of deafness” Scot. med. J., 3, 496. 
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